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Fabia JUGH herniae in the region of complete picture of paraduodenal hernia in 
the duodenojejunal flexure have been its various aspects. It seems, therefore, 
known for over a century and a half they that there is still a definite place for in- 
remain a subject of engrossing interest to. dividual reports of any cases which have 
those who are fortunate enough to en- been sufficiently observed to contribute 
counter one. Moreover, after all this time any reliable information. 

and after intensive study by numerous ob- 


Knowledge of this condition in its roent- 
servers, they continue to present many un- 


genological aspects 1s still very limited al- 
though it is now over ten years since Kum- 
mer” first visualized a left paraduodenal 
hernia. Since that time Case and Upson,§ 
and Taylor,*® have described cases diag- 
nosed by roentgen examination. That of 
Case and Upson was probably one of right 
paraduodenal hernia, judging by the roent- 
genograms, but apparently they did not 
differentiate between the right and left 
sided varieties in their diagnosis, and they 
give no description by which one may de- 
almost entirely of single case reports cide which type they had. So probably 
which are of value only so far as they ac- ‘Taylor’s claim to have been the first to 
curately and carefully describe the con- diagnose a right-sided paraduodenal hernia 
dition as found. Many excellent descrip- preoperatively should be accepted. In that 
tions have been published but unfortu- event the present case would be the second 
nately they are in the minority and, asthe on record. 

relationships which occur are so complex 


solved problems, etiological, anatomical, 
diagnostic, and therapeutic. This may be 
attributed in large measure to the rarity of 
the condition, and the resulting fact that 
most cases are seen by persons with little 
or no previous knowledge of the condition. 
The observer's interest 1s aroused, the sub- 
ject is studied, and he is then in a position 
to profit by the chance to study another 
case, but rarely does a second opportunity 
arise. The literature must therefore consist 


rom this it must be apparent that the 
subject is in its infancy, and that any 
conclusions drawn from such limited ma- 
terial must be subject to alteration and re- 


that the best of descriptions never tell the 
whole story, it is only with great difficulty 
that one can piece together a reasonably 


* From the Department of Radiology of the University of Minnesota, and the University Hospital, Minneapolis, Minn. Presented 
in part before the Minnesota Radiological Society, Minneapolis, Minn., Feb. 13, 1932. 
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vision in the light of further observations 
as they become available. | would not even 
consider reporting on such fragmentary 
evidence were it not that there is slight 
prospect of securing a larger series of 
cases. 

It seems, too, that there is need for much 
wider dissemination of what knowledge 
we do possess regarding the roentgen diag- 
nosis of this condition. Very few of the 
recent cases have had roentgen examina- 
tions, and with but one or two exceptions 
the authors seem unaware that anything 
has been done along that line. For example 
Masson and MclIndoe* in 1930 state that 
right paraduodenal hernia “‘never has been 
diagnosed before operation or necropsy” 
and that “‘roentgenographic studies have 
not aided in the diagnosis.”’ A similar state- 
ment is made by Deaver and Burden" in 
1929, and again by Dowdle" in 1932, while 
Brohée* in 1931 credits Kummer alone 
with the observation of roentgen findings. 

According to Moynihan,” there are four 
regions in the posterior abdominal wall 
where herniae are prone to occur: (1) into 
the lesser peritoneal sac, (2) into the inter- 
sigmoid fossa, (3) into one of the fossae 
about the cecum and (4) into one of the 
fossae around the duodenojejunal flexure, 
of which he describes nine. Certain herniae 
have been described which do not conform 
to his classification, but (so far as | know) 
we have no better classification available 
at the present time. 

With possible very rare exceptions all of 
the herniae in the region of the duodenum 
may be classified as of two general types. 
Each of these has been known by various 
names, given by different observers, but 
we shall refer to them as right and left 
paraduodenal hernia respectively. In the 
typical forms the hernial sacs correspond 
in their relationships to enlargements of 
two of Moynihan’s nine fossae, the right 
paraduodenal hernia corresponding to the 
mesenterico-parietal fossa (fossa of Wal- 
deyer), and the left paraduodenal hernia 
corresponding to the paraduodenal fossa 
(fossa of Landzert). 
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OCCURRENCE 

Both types are distinctly uncommon, the 
right-sided lesion being much the rarer 
of the two. Forlini!’ reports but 5 para- 
duodenal herniae in a total of 25,500 autop- 
sies, Or One in 5,100 cases. In all there are 
said to be not over 150 cases of left para- 
duodenal hernia reported. 

Nagel*® in 1923 collected from the litera- 
ture 28 cases of right paraduodenal hernia 
and added one of his own to make a total 
of 29. In addition he reported 4 cases sup- 
posed to be of this type but which he did 
not accept as authentic because they were 
inadequately described. Short*’ in 1925 col- 
lected a few additional cases but at least 
one of these cannot be accepted as authen- 
tic. 

| have been able to find in the literature 
since 1923, ten additional cases as well as 
3 which are not sufficiently described to be 
called authentic. One, that of Novak and 
Sussman,*! which was published as right 
paraduodenal hernia and was accepted 
as such by Short** and by Brown,’ must, 
from its description, be classed as left 
paraduodenal hernia, and so is not in- 
cluded. A few retroperitoneal herniae have 
been reported in periodicals which are not 
available, so it is possible that among 
these there may be still another case or 
two of this type. To these must be added 
the present case, bringing the total of au- 
thentic cases to 40. 

It is noteworthy that among the 32 cases 
where the sex is given there are only ‘ 
females, of which the present case is one. 
This gives us the rather surprising sex ra 
tio of 5 males to 1 female. 

The ages varied from three months to 
sixty-eight years as follows: 


20-29 30-39 49-49 
3 3 6 3 6 

50-59 bo-6g Not given 
2 12 


FACTORS IN MORTALITY 
Nagel,** in 1923, could find no single case 
where diagnosis of right paraduodenal 
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hernia had been made prior to operation 
or autopsy, although the left-sided variety 
has been so diagnosed on several occasions. 
Of the authentic cases diagnosed prior to 
1923, fifteen gave symptoms of acute in- 
testinal obstruction, while in 13 cases no 
information is given on this point. In 12 
cases Operations were performed and only 
2 recovered. In the 4 unauthentic 
there was also one cure. 


Cases 


In sharp contrast are the cases since 
1923, for although 6 of the 10 gave symp- 
toms of acute obstruction, and all were 
operated upon, there were only 2 deaths. 

We can divide the history of this con- 
dition, then, into three distinct periods: 
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1S61-1g90}, when Ig cases were described 
but only 4 operations were 
performed and only one pa- 
tient recovered. 

1904-1923, when | cases were reported 
with 8 operations, but. still 
with only one recovery. 

1923-1932, when 10 cases were reported 


and all 


were 


operated 


with & recoveries. 


RIGHT PARADULODENAI 


Observer Year Age Sey 
Lower and Higgins 142s 17 | 
Brown +4 
Bernardbeig sf 
Deaverand Burden tg2g \I 
Klechtenmacher 1g29 3h 
Taylor 32 AY 
Taylor 1G3 24 MM 
Masson and McIn 

doe 1G 3 4! M 
Cofer and Phillips — 193 22 M 
Dowdle 1g 24 M 
Case and Upson* 1926 
Eitelt 22 M 
Venables** 192 NI 

* The authors do not distinguish 


T Inadequate description bu 


** On the right side “behind the du 


probably rig 


ht 


para 
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definitely between right and left paraduodenal hernia, but it was pro! 


ati 


upon, 


1 


. Left paraduodenal hernia as seen at autopsy. 
The sac contains the entire small bowel 
the terminal § inches. (From Desjardins." Repro- 


, except 


duced by permission of Annals of Surgery.) 
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How 
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Operation 
Operation 


Operation 
Operation 
Operation 
Operation 


X-ray 
Operation 


Operation 
Operation 


X-ray 
Operation 
Operation 


lenal hernia 


ms of the orifice not 


REPORTED SINCE 


Acute 
Obstruction 


No 
No 
Yes 
Yes 
Yes 
No 
No 


Yes 
Yes 
Yes 


No 
No 


described. 


1923 


( )peration 


Yes 
Yes 


Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


Yes 
Yes 
Yes 


Yes 
Yes 


Result 


Cure 
Cure 


Death 
Cure 
Cure 
Cure 
Cure 


Cure 
Death 


Cure 


Cure 
Cure 


Roentgen 
Examina- 
tion 


None 
Reported 
negative 
None 
None 
None 
Typical 


Typical 


Reported 
negative 

None 

None 


Typical 

None 

Stasis in 
jejunum 
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| 
| 
| 
| 
| 


588 lrederick B. Exner May 


This abrupt change in the mortality rate 
cannot be explained by better diagnosis 
for, as we have seen, only 2 of the 10 were 
correctly diagnosed preoperatively. Other 


kic. 2. Right paraduodenal hernia as seen at au- 
topsy. The sac (4) is greatly shrunken, having 
been emptied of the herniated bowel at operation a 
few days before death. The orifice is clearly shown 
behind the root of the mesentery just to the right 
of (a). (From MacCallum and Miller.2* Reproduced 
by permission from the Johns Hopkins Hospital 
Bulletin.) 


explanations which we must consider are: 
improved operative technique in intestinal 
surgery; improvement in the early recog- 
nition and operative treatment of intesti- 
nal obstruction in general; increased inter- 
est in the subject following the publica- 
tion of Nagel’s paper, resulting in the 
recognition and reporting of cases which 
would otherwise have been missed. 


ANATOMICAL CONSIDERATIONS 


It is characteristic of both left and right 
paraduodenal herniae that they are almost 
always either total or subtotal, or, in other 
words, that all or nearly all of the small 
bowel is included within the hernial sac 
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(see Fig. 1). It necessarily follows that the 
resulting mass will fill a large part of the 
abdominal cavity, and that such large 
herniae will have very similar appearance 
and relations even when of totally differ- 
ent origin. The only way of positively 
identifying such herniae must be by means 
of the relations of the hernial orifice, and 
particularly by its vascular relationships. 

For example, in the left paraduodenal 
hernia, reported by Desjardins" in dnna/s 
of Surgery, 1918, and illustrated in Figure 
1, the colon surrounds the hernial sac, 
which has its orifice in the lower right side 
just opposite the cecum, but the colon can 
just as easily run across the front of the 
sac or be buried behind it or lie almost 
entirely to the right of it in an almost end- 
less variety of arrangements. The sac itself 
may lie high or low, well to the left or in 
the midline, and may even have its lower 
pole well down in the pelvis. But one will 
always find in or near the anterior free 
margin of the orifice the “‘vascular arch of 
Treitz” consisting of the inferior mesen- 
teric vein and the left colic artery. 

One peculiar thing about this type of 
hernia is that, contrary to what one might 
expect, almost invariably only the efferent 
loop of bowel passes through the hernial 
orifice. The afferent loop enters the sac 
from behind, where the duodenum emerges 
from its retroperitoneal position, at the 
duodenojejunal juncture; or, as in one 
case, it may emerge just beside the sac and 
enter the sac obliquely from the side. This 
peculiar arrangement is too constant to be 
accidental, and it seems to me that it has 
not received the attention it deserves in 
the consideration of the genesis of this 
hernia. 

igure 2 represents a case of right para- 
duodenal hernia, which was reported by 
MacCallum and Miller®® in the Bu/letin of 
the Fohns Hopkins Hospital, 1g08. The pic- 
ture was made at autopsy a few days after 
an operation at which the hernia was 
emptied. The sac is consequently greatly 
shrunken, but the orifice and the general 
relations are well shown. The sac in this 
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case lies behind the transverse and ascend- lying behind the ascending and the transverse 
ing mesocolon, but, as in the left-sided mesocolon. 


variety, the colon may have almost any 2. The orifice is situated behind and to the 
relationship to the sac. It differs, however, sac, on the 
in that both the afferent and the efferent J+ 


. -ither the superior mesenteric artery, or a con- 
loops of bowel always pass through the hernial ner the 
tinuation of it, the ileocolic artery. 
orifice. Moynihan*® gives the following 
points as characteristic of this type of 


t Before the withdrawal from the sac of 
hernia: 


the intestinal loops with their mesentery, 
1. The hernial sac occupies—at any rate, at the mesentery was folded back upon itself 
first—the right half of the abdominal cavity, at the line of the superior mesenteric 


L.col. art = 


up. me35.art. 


Fic. 3. Peritoneal relations in cross section, at level of hernial orifice, viewed from below. .4. Normal peri- 
toneal relations. B. Left paraduodenal hernia with descending colon lateral to the sac (usual arrangement). 
C. Right paraduodenal hernia with ascending colon lateral to sac. (This and D are the usual types.) D. 
Right paraduodenal hernia with ascending colon anterior to sac. (Author's case was of this type.) E. Right 
paraduodenal hernia with ascending colon hidden behind the sac. (Brown’s and MacCallum and Miller’s 
cases.) F. Probable arrangement in Nagel’s case. The unusual position of the ascending colon would 
cause It to simulate the roentgenologic appearance of complete intestinal non-rotation. .4.C. Ascending 
colon; D.C. Descending colon; //. Ileo-jejunum. 
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artery, so as to lie wholly within the sac 
and appeared to spring from the inner mar- 
gin of the hernial orifice. This relationship 
will perhaps be best understood by refer- 
ring to Figure 3. 


Gas-filled 
ileum 


Fic. 4. Right paraduodenal hernia. Roentgenogram 
following evacuation of barium enema. The ter- 
minal ileum has been filled through the ileocecal 
valve. It is dilated to the size of a normal colon 
and is continuous with the dilated and gas-filled 
loops under the left diaphragm. The collapsed 
colon (4.C. and D.C.) is also shown. The pelvis 
is occupied by tumor mass. 


CASE REPORT 


The following case, which was success- 
fully diagnosed by roentgen examination, 
was of this type. The relationships found 
at operation were those diagrammatically 
represented in the cross section in D of 
Figure 3. 


L. P., married, white, female, housewife, 
aged fifty-six, was admitted to the University 
Hospitals on April 30, 1931. She was sent in 
from the Out-Patient Department with a di- 
agnosis of ascites, cause undetermined, and 
left inguinal hernia. Her complaints dated from 
seven weeks before admission when there was a 
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sudden enlargement of the left inguinal hernia 
associated with pain radiating over the entire 
abdomen. The hernia was reduced but the pain 
continued at intervals. Beginning three weeks 
later, she noticed a gradual, progressive en- 
largement of her abdomen, followed by a de- 
crease in the abdominal pain and tenderness. 
She still had some pain on change of position, 
e.g. arising from a supine position. 

Her past history contained but little of in 
terest, other than certain rather indefinite 
gastrointestinal complaints. At times during 
the past two years she had had attacks of pain 
in the right upper abdominal quadrant, occa 
sionally radiating to the scapula, and appar 
ently aggravated by fats. She complained also 
of intermittent bloating and a tendency to con- 
stipation. 

An incarceration of the inguinal hernia, 
which had occurred four vears before, had been 
reduced without operation. 

Physical examination on admission was prac 
tically negative, except for the abdomen, which 
was markedly distended and showed evidence 
of marked ascites. A definite generalized ab 
dominal tenderness was noted. A small left in 
guinal hernia was found. 

Paracentesis on May 2, 1931, resulted in the 
removal of 300 c.c. of clear fluid. 

Pelvic examination on May 6 revealed two 
large, rounded masses in the pelvis and a di 
agnosis of “‘carcinoma of the ovary with ex- 
tension” was made. 

Barium enema examination was done on 
May 11. On this examination several gas-tilled 
loops of small bowel were observed lying just 
under the left diaphragm, so an attempt was 
made to determine the cause of this by study 
of the passage of a barium meal through the 
intestinal tract. 

The roentgen report was in brief as follows: 


The colon showed no intrinsic pathology, but 
revealed pressure on both sides of the rectum, 
especially on the right. There was slight upward 
displacement of the sigmoid. The barium 
passed readily through the ileocecal valve, fil 
ling the terminal ileum, which was displaced 
upward out of the pelvis. Some loops of the 
mid-ileum are seen distended with gas and lying 
almost under the left diaphragm (see lig. 4). 

The terminal ileum is greatly dilated. Both 
the splenic and hepatic flexures are low, and the 
ascending colon is displaced slightly toward the 
midline. 
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Roentgenograms taken with the patient 
standing, two hours and five hours after the 
barium meal, show the upper half of the stom- 
ach greatly ptosed into the left lower quadrant. 
The antrum and pyloric portion appear to be 
held up by a mass about 5 cm. in diameter 
overlying the first and second lumbar verte- 
brae (see Kig. 5). The mass over which the 
stomach is lying appears to consist of a number 
of dilated loops of small bowel. 

Roentgenograms taken at five hours show a 
very definitely and sharply circumscribed mass, 
about 20 cm. in diameter, lying in the right 
half of the abdomen, at the level of the first to 
the fifth lumbar vertebrae. This consists of 
barium-filled loops of small bowel which give 
the impression of being confined, as within a 
hernial sac (see lig. 6). This appearance is said 
to be characteristic of paraduodenal hernia, 
which diagnosis is entirely consistent with all 
the other findings. 

Roentgenograms taken nine hours after the 
barium meal show this area of bowel almost 
completely emptied. There are, however, one 
or tWwo loops of barium Alled bowel still present 
in this region. There is now shown (see Fig. 7), 
at about the position of the duodenojejunal 
junction, a loop of ileum which shows an abrupt 
transition from a comparatively narrow caliber 
in the portion occupying the right side of the 


Fic. s. Right paraduodenal hernia. Roentgenogram 
made in the erect position five hours after the in- 
gestion of barium. The corpus of the stomach has 
sagged down to the left of the hernial sac, while 
the antrum is held up by a mass of gas-filled loops 
of bowel. 
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abdomen, to a much larger caliber in the part 
extending upward and to the left. This appar- 
ently marks the point of exit of the efferent 
loop of ileum from the sac. This larger ascend- 
ing limb connects with the gas-filled loops of 


Fic. 6. Right paraduodenal hernia. Roentgenogram 
made in the prone position five hours after the in- 
gestion of barium. The rounded, sharply circum- 
scribed mass of barium and gas-filled loops of 
small bowel are clearly shown. 


ileum previously visualized in the region of the 
left diaphragm. 

At twenty-one hours, almost the entire meal 
is in the descending colon and rectum. 

Conclusions: (1) Mass in the pelvis with 
pressure on rectum and displacement of colon 
and ileum. (2) Probable right paraduodenal 
hernia. 

Laparotomy was performed by Dr. Kasper 
on May 21, 1931, under spinocain anesthesia. 
A large right paraduodenal hernia was found. 
It was easily emptied of its contents by trac- 
tion on the bowel, but no attempt at repair of 
the sac was made because of the pelvic condi- 
tion. An attempt was made to remove all the 
carcinomatous material from the pelvis, and 
the few nodules in the omentum were also re- 
moved. The patient went into shock and was 
transfused. 

She made an uneventful postoperative re- 
covery, following which she was given deep 
roentgen therapy. There has been some recur- 
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rence of the carcinoma but she is otherwise in 
good condition. 

Roentgen examination on May 22, 1932, 
shows perfectly normal gastrointestinal rela- 
tionships except for a moderate degree of 
ptosis. There has been no recurrence of the 
herniation 


PREVIOUS LITERATURE ON ROENTGEN 
FINDINGS 


Before discussing in detail the differ- 
ential diagnosis it might be well to review 
the previous literature regarding the roent- 
gen findings in this condition and in the 
very similar left paraduodenal hernia. 


Wagner,“ 1916. Wagner described marked 
duodenal stasis occurring in a fourteen year old 
girl as a result of left paraduodenal hernia, and 
discussed in detail the various causes of duo- 
denal stasis. He found a large gas bubble in the 
duodenum above a broad fluid level. The 
opaque meal sedimented out below this fluid 
level and in the first loop of the jejunum. At 
the end of six hours none of the meal had passed 
beyond this point. 

The stomach was not dilated, showed hyper- 
peristalsis, and was situated rather high in the 
abdomen. 

Operation revealed a large left paraduodenal 
hernia, but no detailed description of it is 
given. The duodenum was dilated to the size 
of a man’s arm. 

Repeated examinations after recovery showed 
a return to normal in the caliber of the bowel, 
and a progressive ptosis of the stomach, sug- 
gesting that the previous high position of the 
stomach was associated with the presence of 
the hernia. 

Hayes,’ 1920. | have been unable to obtain 
the original article but it has been abstracted 
as follows by Philips:** 

Male, aged sixty-eight, complained of colicky 
pain for one year. Roentgen examination of the 
gastrointestinal tract showed dilated stomach 
and duodenum with elongation of the latter. 
Barium meal passed through the beginning 
jejunum only after six hours and then moved 
onward very slowly, arriving at the transverse 
colon after fifty-four hours. Operation: Jeju- 
num was found engaged in left paraduodenal 
hernia and was withdrawn. The patient recov- 
ered. 

Scheele,** 1927. Scheele quotes Wagner’s case 
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and describes very similar findings in his case, 
in the region of the duodenum and stomach. 
Enough barium went through, however, to 
visualize the small intestine. This was situated 
unusually high and was bounded below by a 
curved line, convex downward. In the lower 
abdomen and pelvis there were no small bowel 
shadows. This curved lower boundary he inter- 
prets (probably correctly) as the lower pole of 
the hernial sac, and considers that, if the plates 
had been more critically examined, it should 
have been possible to make a preoperative di- 
agnosis. 

At operation, a large subtotal left paraduo- 
denal hernia was found and reduced. Exami- 
nation after operation showed the normal ar 
rangement of the small bowel loops, with 
shadows lying deep in the true pelvis. 

Kummer, 7927. Kummer also described a 
left-sided hernia, the second in which the hernia 
itself was visualized. He notes the following 
points in the examination: (1) A total absence 
of small bowel in the true pelvis in the upright 
position; (2) the confining of the small intestine 
in a smooth, sharply circumscribed mass; (}) 
in the right lateral decubitus position (1.e., with 
the patient lying on the right side, and the rays 
passing through from behind), the small intes- 
tine, enclosed in the retroperitoneal sac, casts 
on the plate an oval shadow of which the main 
axis lies a little to the left of the midline of the 
body, and of which the right border is separated 
from the shadow of the stomach by a clear 
space. In the normal, on the other hand, in this 
position the small bowel tends to slide into the 
right flank, and its shadow touches and over- 
laps to some extent that of the stomach. 

Nagel,” 1923. Regarding the roentgen find- 


ings in his case, he says, “... The condition 


appeared to represent an incomplete intestinal 


rotation and no further significance was at 
tached to it.” Since Case and Upson have 


stated that his published plates and those of 


Lower and Higgins show the characteristic pic- 
ture of paraduodenal hernia, we must deter- 
mine if possible whether this is likely to be a 
difficult differentiation to make. 

Examination of the illustrations of Nagel’s 
case has convinced us, on the contrary, that 
this case is unique in the arrangement of the 
ascending colon which caused it to resemble a 
non-rotation (see Fig. 3). I have been unable 
to find among the cases of hernia which have 
been adequately described a single case show- 
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ing this arrangement. Lower and Higgins have, 
to be sure, published a case in which the illus- 
trations show the same arrangement, but there 
is no adequate description of the course of the 
colon, and the exact findings are not clear. 

Levin and Ellis," 1924. Levin and Fllis re- 
ported marked gastric retention (slight reten- 
tion after seventy-two hours) in a case of retro- 
peritoneal hernia which is poorly described and 
was doubtless atypical. The superior mesenteric 
artery was not in the margin of the orifice, and 
only 1§ to 18 inches of jejunum was herniated. 

Lower and Higgins,® 1925. Their article con- 
tained, in addition to the right paraduodenal 
hernia mentioned above, an account of a left- 
sided hernia in which two roentgenograms are 
shown. These, too, were said by Case and Up- 
son to show the characteristic appearance of 
paraduodenal hernia. The first, however, shows 
only a rounded area of pressure on the medial 
aspect of the cecum, the characteristic appear- 
ance of any extracecal mass. There is also some 
barium in the terminal loops of ileum, but it, 
too, shows only the evidence of pressure from a 
large external mass, there being nothing to in- 
dicate the nature of the mass. The second shows 
some loops of small bowel which are probably 
within the sac, but it does not seem to me that 
the appearance is sufficiently definite to be 
considered characteristic. It does, how ever, 
suggest that a more complete filling would 
probably have produced the typical picture. 

At operation for suspected tumor of the ce- 
cum, a large left-sided hernia was found but 
could not be reduced on account of adhesions. 
Again we are handicapped by the inadequacy 
of the description, and by the fact that the il- 
lustration of the hernia is obviously incorrect, 
as the course of the colon in the illustration 1s 
not at all that shown in the roentgenogram, and 
the relations shown are impossible in 
paraduodenal hernia. 

Case and Upson,® 1926. Their article is of 
particular interest because it contains what 1s, 
from its appearance, the first published roent- 
genogram of a right paraduodenal hernia. In 
addition, it is an unusually clear illustration of 
the typical findings. They make the statement 
that a correct diagnosis was made preopera- 


a left 


tively, but, aside from the paragraph heading 
of “‘paraduodenal hernia,” there is no statement 
or description by which one can determine 
which type of hernia was diagnosed or found. 
In addition they give as illustrative of the find- 
ings, a picture, taken from Moynihan,” of 
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Neubauer’s case of /eft paraduodenal hernia, 
and they state that they do not believe it pos- 
sible to differentiate between the right and left 
herniae by roentgen examination. In view of 
these facts I do not believe that they can 
rightly claim priority over Taylor in the pre- 
operative diagnosis of right paraduodenal her- 
nia. 

A second case of retroperitoneal hernia is 
also reported as correctly diagnosed preoper- 
atively. As in the other case, no other informa- 
tion is given, and certainly the published roent- 
genogram contains nothing characteristic of 
hernia. It merely shows the terminal ileum, as 
outlined by retrograde filling from the colon, 
coursing upward to a point behind and above 
the transverse colon, instead of into the pelvis 
as is usually the case. 

Christophe and Hartmann,’ 1926. They de- 
scribed findings similar to Wagner’s, in a case 
which they call left paraduodenal hernia. The 
hernia which was apparently rather small, is 
poorly described, although two operations and 
an autopsy were performed. 

Taylor, 1930. Yo Taylor should be given 
credit for the first preoperative diagnosis of 
right paraduodenal hernia. He reports two 
cases, only the second having been diagnosed 
preoperatively. Both had, in addition, a du- 
odenal ulcer. Both were verified at operation. 

He describes both as having a “bunched ap- 
pearance of the small gut, as if it were con- 
tained in a bag.” A single illustration of each 
case verified this statement. 

Venables,“ 1930. He described a case which 
may have been of the same type, but, from the 
rather inadequate description, it seems doubt- 
ful. Roentgen examination showed marked 
stasis of the barium in greatly dilated loops of 
jejunum in the left upper quadrant. After 64 
hours, however, these loops were practically 
empty and the barium was in the colon. They 
diagnosed a partial obstruction and considered 
the possibility of an internal hernia. Upon op- 
eration ‘‘a retroperitoneal hernia was felt, and 
by manipulation a coil of small intestine was 
delivered from a right retroperitoneal hernial 
sac behind the duodenum. The jejunum above 
the entering loop was enormously hypertro- 
phied and dilated.” 

Behr,? 1937. Behr made a diagnosis of prob- 
able left paraduodenal hernia on the basis of 
the combined physical and roentgen findings of 
duodenal stasis, plus a history of intermittent 
attacks of non-fecal vomiting over a period of 
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years. The diagnosis has never been verified by 
operation. 

Of the above observers, only Venables has 
published no roentgenograms. A few others 
have reported negative roentgen examinations. 


TECHNIQUE OF EXAMINATION 

The examination should be largely roent- 
genoscopic, with enough plates to record 
and verify the findings. It should include a 
barium meal followed at frequent intervals 
as it passes through the intestine. The 
patient should be examined in the erect, 
prone and supine positions, and possibly 
in the right and left lateral decubitus posi- 
tions. Lateral and oblique plates are often 
of value. The use of water as the medium 
for the suspension of the barium hastens 
the emptying of the stomach, and facili- 
tates the examination. Repeated small 
meals of barium may help by outlining a 
larger part of the bowel at one time. The 
direct introduction of the barium meal 
into the duodenum through a Rehfuss tube 
may aid at times. 

It is sometimes possible to outline the 
colon at the same time as the small bowel, 
by inflating the colon with air. This avoids 
confusion from the superimposition of colon 
and small bowel shadows. 

The course of the colon should be de- 
termined by barium enema or by following 
the barium meal at twelve and at twenty- 
four hours. The course of the terminal 
ileum and the ileocecal relations should 
be carefully determined. 

Naturally such a time-consuming ex- 
amination will only be undertaken when 
one has reason to suspect some abnor- 
mality, but I believe that, if the possibility 
of this diagnosis is kept in mind, the diag- 
nosis will be made with increasing tre- 
quency. 


SUMMARY OF THE ROENTGEN FINDINGS 
IN RIGHT PARADUODENAL HERNIA 


1. The most characteristic sign is a 
clumped appearance of the intestinal coils, 
as if they were contained in a bag (Fig. 


6). 
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2. The coils cannot be displaced from 
this circumscribed mass by any amount of 
manipulation or change in position of the 
patient. 

3. The axis of this ovoid mass of bowel 
loops is usually somewhat to the right of 
the midline of the body. 

4. In the erect position, the corpus of 
the stomach tends to sag down to the left 
of the sac, while the antrum and pylorus 
are held up in position (Hig. ¢). 

5. There tends to be an absence of small 
bowel loops in the pelvis. This is not neces- 
sarily true, however, for a part of the ter- 
minal ileum is always outside the sac, and 
some of its loops may be in the pelvis. 
Moreover, in certain cases of left para- 
duodenal hernia,” the lower pole of the 
sac 1s within the pelvis, and it°is possible 
that similar right-sided cases may exist. 

6. The herniated bowel has shown, in 
all cases thus far reported, some loss of 
motility; so that there 1s more or less delay 
in the passage of barium through the sac. 
This stasis helps to visualize an unusually 
large part of the bowel at one time, and 
so accentuates the characteristic appear- 
ance. It seems probable that, due to this 
stasis, a Hat plate of the abdomen, made 
without barium, would show more or less 
gas in the herniated bowel. This has never 
been verified. 

>. It is possible at times to visualize the 
point of exit from the sac by an abrupt 
change in the caliber of the bowel as it 
emerges (lig. 7). 


DIFFERENTIAL DIAGNOSIS 

It is well known that the successive loops 
of the small bowel tend to be arranged in 
clusters corresponding to the six primitive 
loops of the embryonic small intestine. The 
resulting clumped appearance of the bowel 
loops may stimulate that found in hernia. 
The outlines of the bowel cluster are less 
regular, however, and the loops can be dis- 
placed by manipulation. 

The absence of small bowel in the pelvis 
is not essential, as we have seen, and if 
present may be due to a pelvic tumor, a 
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full bladder or rectum, a low, distended 
sigmoid colon, an enlarged uterus, or even 
an unusual amount of fat.!’ In most such 
conditions, however, the lower border of 
the bowel-containing area is convex up- 
ward instead of downward as in hernia. 
Ditterentiation from left paraduodenal 
hernia should usually be possible. In left- 
sided herniae the ovoid mass of bowel tends 
to lie more to the left side, and in right- 
sided herniae more to the right side of the 
midline of the body. In left-sided herniae 
the stomach tends to ride high on top of 
the sac, while in right-sided hernia it tends 
to sag downward to the left of the sac. 
The clear space between the stomach and 
the sac, which was described by Kum- 
mer” as characteristic of left paraduodenal 
hernia, was also present in Case and Up- 
son’s® and in my case. That it 1s not neces- 
sarily present in right paraduodenal hernia 


. 7. Right paraduodenal hernia. Roentgenogram 
made in the prone position nine hours after the 
ingestion of barium. At the arrow is a loop of 
ileum which shows an abrupt change in caliber as 
it emerges from the hernial sac. The loops outside 
the sac are shown to be continuous with the di- 
lated, gas-filled loops under the left diaphragm. 
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iG. 8. Complete intestinal non-rotation. An ovoid 
and circumscribed mass of small bowel loops is 
shown. This closely simulates the appearance of a 
hernial sac. The afferent loop enters, however, at 
A where the duodenum courses directly to the 
right instead of curving to the left in the usual 
manner. (Compare with Fig. g.) 


is proved by the overlapping of stomach 
and sac shown in one of Taylor’s*® cases. 
Possibly further experience will show that 
it is not necessarily present in the left- 
sided variety either. 

In left-sided herniae the ascending colon 
lies always to the right of the sac, while the 
descending colon may run in front, to the 
left, or behind. The only exceptions that I 
know of are two cases where a part of the 
ascending colon was within the sac. In 
right-sided herniae the descending colon 
is always to the left of the sac. The ascend- 
ing colon may be either to the right of the 
sac, behind it, or in front of it. In one case 

Nagel’s) it even lay in front and slightly 
to the left. 

Case and Upson® have stated that dif- 
ferentiation from intestinal non-rotation 1s 
very difficult, but there really should be no 
reason for confusion except in that rarest 
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Position of 
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Kic. go. Complete intestinal non-rotation. (Same case 
as kig. 8, later and after the ingestion of more 
barium.) The afferent loop of small bowel is shown 
at /, as in Figure 8. The efferent loop, at B, con- 
sists of terminal ileum. Obviously the two loops do 
not pass through a common orifice. The position 
of theileocecal valve at the right of the cecum is 
typical of non-rotation. 


type of right-sided hernia of which Nagel’s 
is probably the only example. If we bear in 
mind that in non-rotation of the intestine 
the cecum ts reversed, with the ileum enter- 
ing it from the right, it should be readily 
possible to differentiate between the usual 
types of hernia and non-rotation by visual- 
izing the ileocecal junction. In Nagel’s 
films, as illustrated, it is impossible to see 
the ileocecal relationship, but it is probable 
that the terminal ileum entered from the 
back and slightly from the right. F.ven if 
such is the case, there is one difference 
which should aid us. 

In the right-sided hernia, which is the 
only one we need consider, the afferent 
and efferent loops of bowel both pass 
through the orifice,* and so must lie at 


* T believe the only exceptions to this statement are the cases 
described by Telfer and by Fleming.’ These have never been 
classified as right paraduodenal hernia, but they undoubtedly 
represent the same tvpe of anomaly, and can only be excluded by 
technicalities of definition which are of doubtful validity. 
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least fairly, close to each other. Contrast 
with this the condition shown in Figures 8 
and g, which | believe to be a simple non- 
rotation, although the picture closely simu- 
lates that of right paraduodenal hernia. 
Here the afferent loop enters the circum- 
scribed area of small bowel loops at its 
upper pole, where the duodenum is seen 
to run directly to the right without the 
usual duodenojejunal flexure, while the 
efferent loop leaves this area at the lower 
pole, where the terminal ileum enters the 
cecum from the right. It is true that the 
orifice may be rather large, as in the case 
of Gerard-Marchant, but it does not seem 
possible that it could be of such size as to 
permit this arrangement. 

The position and course of the terminal 
ileum become, therefore, of prime impor- 
tance in the differentiation of these condi 
tions, and this is often best visualized by 
retrograde filling, through the ileocecal 
valve, by means of the barium enema. 
lortunately the valve is sufficiently patent 
to permit this in about go per cent of the 
cases. 

There remains to be considered the dif 
ferentiation from certain rare abdominal 
anomalies. Of most of these only a single 
case has been reported, and, as there have 
been no descriptions of the roentgen find 
ings, we can only surmise what they would 
show. We shall mention only a few which 
reveal points of particular interest. 

Chief among these are the subtotal “pert 


cecal”” herniae described by Copenhaver'’ 


and by Fleming.'? The usual types of 
pericecal herniae are relatively small and 
should offer no differential problem, but 
these cases have nothing in common with 
the ordinary types except the name. We 
cannot present here the evidence, pro and 
con, for the contention that all right- 
sided herniae, lving behind the mesentery 


or mesocolon, result from mal-rotation of 


the intestine. This results in the imprison- 
ing of a part of the small bowel behind the 
mesentery and mesocolon, when they ad- 
here to the posterior parietal peritoneum. 


We can merely state that the majority of 
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these herniae are most readily explainable 
on this assumption. (A similar explanation 
of the left-sided variety is less convincing.) 
If this explanation is correct, these two 
“pericecal” herniae are really only variants 
of our “right paraduodenal hernia.” 

I‘leming’s'’ case is of interest because, if 
we accept it as such a variant, it 1s an ex- 
ception to the rule that, in right para- 
duodenal herniae, both the afferent and 
the efferent loops of bowel pass through 
the orifice. Telfer’s"! case which is another 
variant is also an exception to this rule, 
but here the sac contained only a few loops 
of jejunum. 

Copenhaver’s’ case of “‘pericecal”’ hernia 
is of interest because it closely simulates 
the paraduodenal hernia 
Nagel. It ditfers only in the somewhat 
lower position of the orifice, and would be 
very difficult to distinguish, by roentgen 
examination, from a simple non-rotation. 
In fact, that diagnosis was actually made. 
Unfortunately the description 1s incom- 
plete and the position of the afferent loop 
cannot be determined. We might state here 
that the relations shown by Nagel’s and 
Copenhaver’s cases are, of all right-sided 
hernias, the ones most difficult to explain 
on the basis of intestinal mal-rotation. 

Of considerable interest is the case of Le 
Jeune and Guilloux?’ in which, in a com- 
pletely non-rotated bowel, a portion of the 
small intestine was herniated from right 
to left into a sac behind the ascending 
colon and its mesocolon. 


described by 


The case described by Hepworth” would 
give roentgen findings similar in all re- 
spects to those of left paraduodenal hernia. 
It is quite probable they should be classi- 
fied together anatomically as well, in spite 
of the differences in vascular relations. The 
same can be said for the case described 
by Primrose.* 


The case reported by Nuzum and Nu- 
zum,*® and erroneously classified as inter 
sigmoid hernia, is obviously, from the re 
lations of its orifice, more closely allied 
with the left paraduodenal hernias, ditter 
ing from them, however, in the vascular 
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relations, and in that both the afferent and 
efferent loops pass through the orifice. Its 
roentgen findings would never be confused 
with those of right paraduodenal hernia. 

Another condition which might possibly 
simulate some of the findings of right para- 
duodenal hernia, is that presented by the 
cases described by T'wyman® and by Jal- 
cowitz.> In these the small bowel passed 
through a tunnel behind the ascending 
mesocolon and emerged at the right of the 
ascending colon. No actual sac was present 
in these cases. 

The possibility of such anomalies must 
always be considered when making a roent- 
gen diagnosis of right paraduodenal hernia, 
and only by the most thorough examina- 
tion coupled with a careful analysis of all 
the findings can we hope to avoid errors. 
It should be remembered, however, that 
(except for complete non-rotation) such 
anomalies are rare, even in com- 
parison with right paraduodenal herniae, 
and that the percentage will favor the lat- 
ter diagnosis in cases of genuine doubt. 


very 


SUMMARY 


The occurrence, anatomy, and history of 
right paraduodenal hernia are briefly re- 
viewed. Ten recent cases are collected 
from the literature. These with the au- 
thor’s case and the 29 collected by Nagel 
in 1923, make a total of 40 authentic cases. 
The roentgen findings are described in a 
veritied case, the second which has been 
diagnosed preoperatively. The previous 
literature on the roentgen findings in both 
right and left paraduodenal hernia is criti- 
cally reviewed. The roentgen findings and 
the differential diagnosis of right para- 
duodenal hernia are discussed in detail. 


CONCLUSIONS 


The roentgen diagnosis of both left and 
right paraduodenal hernia is possible in 
most cases. 

Ditferentiation between the two types 
can usually be made with a fair degree of 
accuracy. 

Differentiation from intestinal non-rota- 
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tion should cause difficulty only in very 
exceptional cases, and even in such cases 
should be possible. 

Only by thorough and painstaking ex- 
amination of the entire intestinal tract, and 
by careful analysis and evaluation of the 
relationships revealed, can we hope to 
make the diagnosis consistently. 

The examination should include both 
the barium meal and the barium enema. 
The enema should be forced through the 
ileocecal valve if possible. The barium meal 
should be observed at frequent intervals 


» 1935 


and in a variety of positions as it passes 
through the intestinal tract. 


ADDITIONAL NOTE: Since this paper was written 
we have had a case of leit paraduodenal hernia which 
was also diagnosed preoperatively by roentgen ex 
amination, and which corresponded in its findings 
with the conclusions we have previously drawn and 
which are set forth in this paper. It is probable that 
this case will later be reported in detail. 

The patient whose condition is reported in this 
paper died at her home in February, 1933, from re 
currence of carcinoma. Unfortunately, we were not 
notified of her death until several weeks later, so no 
autopsy was obtained. 
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PHYSIOLOGIC VARIATIONS IN THE CONTOUR OF THE 
DIAPHRAGM SIMULATING ORGANIC DISEASE* 


By HARRY A. SINGER, M.D., and WM. S. BOIKAN, M.D. 


CHICAGO, ILLINOIS 


— some time past we have been inter- 
ested in the diagnosis of acute abdomi- 
nal disease and have used the roentgen ray 
particularly in connection with cases of sus- 
pected ruptured peptic ulcer. In those in- 
stances of frank pneumoperitoneum the 
diagnosis of perforated ulcer could gener- 
ally be unequivocally established (Vaughan 
and Singer). However, where free air was 
lacking, which was frequently the case in 
“formes frustes” perforations (Singer and 
Vaughan), it was essential to concentrate 
upon the contour and mobility of the di- 
aphragm in order to determine the presence 
or absence of subdiaphragmatic inflam- 
mation. The importance and necessity of a 
sound knowledge of the causes of variations 
in the outline of the diaphragm soon be- 
came apparent if errors in diagnosis were 
to be avoided. Pathologic aberrations in 
mobility and position and congenital anom- 
alies were found to lend themselves readily 
to correct interpretation. Deviations from 
the normal due to physiologic variations, 
however, proved to be confusing and were 
generally misinterpreted. We were there- 
fore led to study the available information 
on the subject of physiologic deformities 
and to scrutinize more closely the dia- 
phragmatic contour in all cases coming 
under our observation. 

A survey of the conventional roentgen 
descriptions of the diaphragm in this coun- 
try indicates that normally the two halves 
form sharply defined, smoothly outlined 
arcs on either side of the heart shadow, the 
right somewhat higher than the left. Gen- 
erally speaking, distortions in the contour 
of the regulation arc are considered to be 
due invariably to supra- and_ infra-dia- 
phragmatic disease. This view is current 
here probably because physiologic varia- 
tions are not mentioned in any of the 


American roentgenologic textbooks and be- 
cause but scant attention has been ac- 
corded the subject in our medical periodi- 
cals. In the foreign textbooks and litera- 
ture, however, wide cognizance has been 
taken of physiologic deformations of the 
diaphragm with the result that much in- 
formation of practical value has been ad- 
duced. 

Physiologic deviations from the classical 
arc simulating organic distortions are of 
two main types. One, the more striking, is 
indicated by a prominence of the anterior 
portion of the medial half of the diaphragm 
and is referred to as the anteromedial bulge 
(Figs. 1 and 2). This anteromedial bulge, 
which occurs at times under purely physio- 
logical conditions, appears also in an ex- 
aggerated form in the presence of certain 
intrapulmonary lesions. Related to the 
anteromedial bulge, from the standpoint 
of the mechanism involved, 1s the so-called 
tenting which occurs, however, only in the 
presence of pulmonary disease. On this ac- 
count the phenomenon of tenting cannot be 
classified as strictly physiologic but will 
nevertheless be described on account of its 
relationship to the anteromedial bulge. The 
second type of functional variation in the 
contour of the diaphragm is due to hyper- 
trophy of the constituent muscle bundles 
which arise from the ribs and is referred to 
as individualization of the costal com- 
ponents. The effect produced roentgen- 
ologically is a division of the diaphragm 
into several smaller arcs (lig. 3) or the 
formation of curved bands passing to the 
lateral thoracic wall (igs. 4 and s). The 
latter variety of distorted contour of the 
diaphragm is particularly confusing unless 
one 1s acquainted with its correct inter- 
pretation. 

The anteromedial bulge divides the right 


* From the Department of Medicine of the University of Illinois College of Medicine and the Cook County Hospital, Chicago. 
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diaphragm into two arcs at a point roughly 
midway between the lateral thoracic wall 
and the cardiac shadow. This anomalous 
appearance may occasionally be observed 
under normal conditions with rapid deep 
inspirations. In a more pronounced form it 
is encountered where full or rapid expan- 
sion of the right lung is hindered as in 
tracheal or bronchial stenosis or in pul- 
monary infiltrative processes (Assmann, 
Plate 8, Figs. 4 and 6; also Fig. 293a). The 
medial arc is higher and more convex than 
the lateral and sagittally is seen best in 
slight lordosis. It disappears on bending 
forward. Corresponding to this, the lateral 
view shows the medial as a small, more 
convex arc in the anterior half of the right 
diaphragmatic shadow beginning a finger’s 
breadth behind the sternum and ending 
approximately one finger’s breadth pos- 
terior to the cardiac shadow (I ig. 2). 

The explanation of the medial anterior 
bulge is found in the anatomic studies of 


Kic. 1. Case 1. Roentgenogram of chest illustrating 
the anteromedial bulge. The right 


diaphragm 
shows a division into two arcs. The medial cupola 
is more convex and smaller than the lateral. An 
extensive fibrosis which involves the right upper 
lobe has led to displacement by traction of the 
trachea and upper mediastinum. 
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ic. 2. Case 1. Lateral view of the same chest pic- 
tured in Figure 1. The anterior bulge is seen to 
commence one finger’s breadth behind the sternum 
and to end a similar distance behind the cardiac 
shadow. 


Kisler and of Thomas. These authors 
ascribe the phenomenon to the varying 
length, strength, and position, of the com- 
ponent muscle bundles of the diaphragm. 
These may be divided into a_ powerful 
posterolateral group and a much weaker 
anteromedial group. The former is com- 
posed of the posterior lumbar fibers form- 
ing the crura diaphragmatici and the lateral 
costal fibers from the ninth rib down. This 
group inserts into the posterolateral part of 
the right wing of the central tendon. The 
contraction of these fibers pulls the postero- 
lateral part very forcibly downward. In 
contrast, the anteromedial part of the di- 
aphragm 1s depressed with relatively little 
force by the short fibers arising from the 
sternum, xiphoid and the seventh and 
eighth ribs. A further factor hindering the 
free and deep descent of the medial part 
of the right diaphragm, as pointed out by 
Assmann, is the passage of the inferior vena 
cava which 1s firmly anchored above. The 
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actual groove separating the anteromedial 
from the posterolateral cupola is formed by 
the straddling action of the strong fibers 
from the crus medialis joining the fibers 
originating from the ninth rib. The medial, 
smaller bulge is formed anteriorly by the 
short anteromedial group of muscle fibers 
mentioned above and posteriorly by the 
right wing of the central tendon. The 


id 


A, 


Fig. 3. Diagrammatic representation of multiple arc 
formation due to individualization and hyper- 
trophy of the costal components of the diaphragm. 
(Taken from Rieder.*) 


larger, posterolateral cupola is formed by 
the powerful posterolateral group of muscle 
fibers previously described. 

A knowledge of the aforementioned 
muscular components and their anatomic 
characteristics is of both theoretical and 
practical importance. From the theoretical 
standpoint the information is of signifi- 
cance since it explains why in certain in- 
stances a double contour of the right side 
of the diaphragm 1s visualized. If one bears 
in mind the anatomic relationships it will 
be readily seen how any condition which 
increases the negative supradiaphragmatic 
pressure tends to restrict the downward ex- 
cursion of the weaker and less mobile an- 
teromedial portion. Since the posterolateral 
division is more powerful and less fixed 
than the anteromedial one, the latter fails 
to descend as far as the former. Increased 
negative pressure within the chest can be 
produced, for example, by rapid, deep in- 
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spiration or by local obstructive or infiltra- 
tive processes which limit the expansibility 
of the lung. The left diaphragm is not sub- 
ject to a similar change because, as Ass- 
mann points out, of the absence of a large 
perforating vein and the presence of a 
heavy structure, the heart. 

Krom the practical side, it 1s of impor- 
tance to be acquainted with the anatomic 
basis of the anteromedial bulge since it aids 
in differential diagnosis. The location, size 
and form particularly serve to distinguish 
it from such subdiaphragmatic lesions as en- 
capsulated peritoneal exudates and hepat- 


cyst, etc. In debatable cases roentgeno 
scopic examination in deep inspiration and 
expiration, in lordotic and kyphotic posi- 
tions and in anteroposterior and lateral 
planes will generally lead to a correct inter 
pretation. However, should the pulmonary 
fibrosis or bronchial stenosis be of such lo 
cation, extent, and nature, as to cause 
persistence of the medial arc even in ex 
piration, the introduction of about 200 c.c. 
of air will immediately cause a disappear- 
ance of the deformity (Matson) and there 
by dispel any doubt. 

The value in clinical medicine of a know] 
edge of the anatomic basis of the antero- 
medial bulge is illustrated in the case report 
which follows: 


Case 1. L.Q., a dentist, aged forty-six, was 
admitted to the Cook County Hospital on 
March 14, 1932. He stated that he had, for the 
last thirty vears, suffered from gastric com 
plaints which at the onset were so severe as to 
require hospitalization. The symptoms sub 
sided only to recur periodically with increasing 
intensity until 1924 when the pain became 
persistent. operations, gastroenterostoms 
and undoing of the anastomosis, were per- 
formed within the subsequent year. In 1g27 the 
patient developed an active tuberculosis in 
volving the right upper pulmonary lobe. He 
suffered from repeated attacks of hemoptysis 
which necessitated sanitarium treatment. for 
two years, after which time the disease was 
considered arrested. 

Recently he had suffered from an exacerba- 
tion of his previous ulcer distress. Seven days 
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prior to entrance he experienced an extremely 
violent pain in the right upper quadrant which 
caused him to cry out and writhe about in 
agony. The pain, which was knife-like in char- 
acter, radiated downward and posteriorly. Mor- 
phine was required to ameliorate the patient’s 
suffering which gradually abated and after 
three to four days had practically ceased. Dur- 
ing the three days or so prior to admission the 
patient had felt feverish and noted sweats. The 
temperature upon admission was | I, the 
pulse rate g6 and the respiratory rate 24. The 
examination of the chest disclosed no physical 
evidence of activity. Aside from slight tender- 
ness in the right upper quadrant, the ab- 
dominal examination proved negative. The leu- 
cocyvte count was 11,7 ; The possibility of a 
perforated ulcer with abscess formation im- 
mediately suggested itself. The roentgen ray 
was therefore emploved to determine the pres- 
ence or absence of a subdiaphragmatic localiza- 
tion. 

Roentgen examination of the chest showed 
evidence of extensive fibrosis involving the 
right upper pulmonary lobe. The trachea and 
upper mediastinum were pulled over to the 
affected side. Both diaphragms were freely 
movable but the right showed a division into 
two arcs (kig. 1). The medial one was clearly 
more convex and smaller than the lateral. The 
division of the diaphragm and the relationship 
of the two arcs was also 


demonstrated 1n a 
lateral view (Fig. 2). In this latter projection 
the anterior bulge was seen to commence one 
finger’s breadth behind the sternum and to end 
a similar distance behind the cardiac shadow. 
The diaphragm was, therefore, divided into 
two cupolas, a smaller anteromedial and a 
larger posterolateral one. 

The significance of the anteromedial promi 
nence was immediately brought into question. 
The configuration, extent and form were typical 
of a physiological bulge. However, the possi- 
bility of a subphrenic accumulation of exudate 
could not be excluded at that time. A diagnostic 
pneumothorax, which would have made the 
distinction, was deemed unwarranted. The sub- 
sequent course was depended upon to s« ‘Ive the 
problem which, indeed, it did. The clinical evi- 
dences of infection disappeared completely in 
spite of the persistence of the diaphragmatic 
irregularity. It was therefore concluded that 
the cause of the persistent anteromedial bulge 
Was the fibrotic process which limited the eX- 
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pansibility of the right lung. The diminished 
expansibility increased the negative intra- 
thoracic pressure, which in turn inhibited the 
downward mobility of the weakest portion of 
the diaphragm and forced it to encroach upon 
the chest cavity. The lack of distinct variation 
in the contour of the diaphragm with respira- 
tory movements was explained on the basis of 
the rigid character of the pulmonary changes. 

Another deformity, similar in mechanism 
to the anteromedial bulge but having no 
preformed anatomic basis and not strictly 
physiologic, as it does not occur except in 
the presence of pulmonary pathology, 1s 
the ‘‘pseudo-adhesion” or tenting of the 
diaphragm. This variation was described 
by Matson and ascribed by him to an 
acute or chronic peribronchial infiltration 
with loss of elasticity and expansibility. In 
deep inspiration, such a rigid bronchus 
produces a dimple on the basal surface of 
the lung due to the inexpansibility both of 
itself and of the infiltrated parenchyma 
about the bronchus. The diaphragm during 
inspiration remains apposed to this dimple 
due to the local increased negative pressure 
with formation of an upward directed tent- 
like deformity. Here, also, resolution of the 
process if acute or the introduction of a 
little air in the pleura in chronic cases 
effects a return of the diaphragm to its nor- 
mal, arc-like shape. Even saucer-shaped 
deformities simulating subphrenic abscess 
have been described due to the same mech- ° 
anism (Middleton). 

The second main type of contour defor- 
mation, described as individualization of 
the costal components, depends upon the 
variable development of the muscle bundles 
arising from the lower six ribs. In general, 
the component fibers form a continuous 
smooth sheet giving the diaphragm the ap- 
pearance of a single, uniform arc. However, 
in certain instances the costal bundles 
form distinct, thick, band-like digitations 
which modify the outline of the diaphragm 
causing the latter to break up into multiple 
small arcs (Fig. 3) or to form a series of 
step-like extensions to the chest wall (Figs. 
4 and 5). The relation of these diaphrag- 
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Kic. 4. An oblique view showing the relationship of 
each of the step-like diaphragmatic extensions to 
the individual ribs. (Taken from Fleischner.°) 


matic muscle bands to the parallel sagittal 
grooves found at post mortem on the an- 
terior and superior surfaces of the liver has 
long been a matter of dispute. As early as 
1g00 Chiari could review a dozen or more 
theories to all of which Westenhoéfer has 
recently made objection. In a recent article 
by Weltz the relationship of the knobby 
diaphragm to the liver furrows encountered 
at autopsy is stressed. Whatever the effect 
on the liver may be, the fact remains that 
the costal components may form distinct 
muscle bundles. These bundles are not 
parallel, as is generally believed, for they 
normally cross and interlace (Eisler, 
Thomas). 

The division of the diaphragm into mul- 
tiple arcs has been frequently observed and 
carefully studied, especially by continental 
roentgenologists. Rieder, Schinz, Baensch 
and Friedl, Assmann, as well as others, 
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have pointed out that the right dome and 
to a lesser extent, the left, may break up 
into several smaller arcs during the height 
of inspiration, 1.e., during maximum con- 
traction of the decussating muscle bundles. 
The phenomenon is ascribed to individu- 
alization and hypertrophy of the separate 
costal bundles. The causes of this excessive 
muscular development are being investi- 
gated. Rieder has observed that a scal- 
loped appearance of the diaphragm is fre- 
quent in athletes and in compensatory 
hypertrophy of one diaphragm in the pres- 
ence of disease of the other. Weltz has 
found the incidence of diaphragmatic folds 
to be high among individuals suffering from 
asthma, emphysema and chronic bron- 
chitis. This author concludes from his ob- 
servations that the barrel form of the chest 
produces either a passive tension and dis- 
tortion of the diaphragm, or a persistent 
muscle hypertonus. Differentiation from 
adhesions can be made by noting in cases 


Case 11. Roentgen appearance of the chest 
during inspiration. The series of digitations due to 
individualization of the costal components of the 
diaphragm are indicated by arrows. 
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of hypertrophy of the costal muscle bun- 
dles, disappearance of the irregularity with 
expiration. Also one observes that whereas 
in adhesions the apices of the arcs are di- 
rected upward, in functional distortions of 
the diaphragm the apices between the in- 
dividual scallops point downward. 

The second form of variation which re- 
sults from individual hypertrophy of the 
separate costal bundles is the actual visual- 
ization of these digitations illuminated in 
the costophrenic angle on deep inspiration. 
The phenomenon was apparently first rec- 
ognized by Fleischner as a step-like irregu- 
larity in the lateral diaphragmatic contour 
(Fig. 4) and was properly interpreted by 
him. He was able to demonstrate, in two 
patients who subsequently were subjected 
to artificial pneumothorax, that the lateral 
diaphragmatic ridges were not adhesions. 
Weltz observed the same diaphragmatic 
variation in his cases of asthma, emphy- 
sema and bronchitis. He considered the 
knobby or scalloped deformity of the dia- 
phragm a counterpart of the step-like, 
lateral ridge formation and attached the 
same significance to both phenomena. The 
curved bands passing to the lateral costal 
wall representing individual digitations are 
seen only upon deep inspiration and can 
thereby be distinguished from adhesions. 
The error can be easily avoided, according 
to Fleischner, by noting the multiplicity 
and regularity of the steps and their re- 
lationship to the ribs. 

The costal digitation or multiple ridge 
deformity of the lateral portion of the dia 
phragm, although not uncommon, is recog- 
nized by very few. Fleischner who de- 
scribed it, stated in 1931, that in spite of 
its frequency, it appeared to be unknown. 
Weltz, who in 1932 found outspoken con- 
tour variations due to hypertrophy of the 
costal bundles in sg of 100 asthmatics ex- 
amined, mentioned no other author than 
Fleischner in connection with a discussion 
of the step-like variety. Both of the above 
observers submitted diagrammatic repre- 
sentations of the costal digitation defor 
mation but neither of them published ac 
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tual reproductions of roentgenograms. It 
was our good fortune to encounter recently 
a case in which the muscular digitations 
were well visualized and to secure a satis- 
factory plate demonstrating the roentgeno- 
scopic picture. Since this type of contour 
irregularity, so far as we have been able to 
ascertain, has not been described in this 
country, a presentation of the chief fea- 
tures of the case appears warranted. 


Case 1. A white woman, aged thirty, com- 
plained of lassitude, ready fatigue and failure 
to gain in weight. Examination disclosed a thin, 
tall, asthenic woman, with no physical abnor- 
malities other than an obvious visceroptosis. 
Upon roentgenoscopy of her chest, step-like up- 
wardly concave bands were seen bilaterally 
(but more on the right) crossing the costo- 
phrenic angle, appearing on deep inspiration 
(Fig. and disappearing with expiration. Each 
band appeared distinctly related to a separate 
rib. In view of the symmetrical, bilateral char- 
acter and the absence of any immobilizing or 
distorting effect on the diaphragmatic arcs, 
these bands were considered to be abnor- 
mally hypertrophied, diaphragmatic digitations 
rather than costophrenic adhesions. This inter- 
pretation was concurred in by Professor 
Kampmeier of the Department of Anatomy of 
the University of Illinois, College of Medicine. 
Very likely the low diaphragm associated with 
the asthenic habitus and ptosis aided in render- 
ing these digitations visible. Anatomically the 
visualized bands would correspond to well- 
defined muscle bundles lying in those deep, 
sagittal liver grooves of Liebermeister which 
were discussed above. 


SUMMARY 

Physiologic variations from the classical 
arc which simulate organic distortions can 
be conveniently separated into two main 
groups. In one, the prototype is indicated 
by a prominence of the anterior portion of 
the medial half of the diaphragm and is re- 
ferred to as the anteromedial bulge. This 
variation occurs under purely physiologic 
conditions but appears also in an exag- 
gerated form in the presence of certain 
intrapulmonary lesions. Related to the an- 
teromedial bulge from the standpoint of 
mechanism is the so-called tenting which 
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occurs only in the presence of pulmonary 
disease. The second type of functional vari- 
ation in the contour of the diaphragm is 
due to hypertrophy of the constituent mus- 
cle bundles which arise from the ribs and is 
referred to as individualization of the costal 
components. The effect produced roent- 
genologically 1s a division of the diaphragm 
into several smaller arcs or the formation 
of curved bands passing to the lateral 
thoracic wall. 


Two cases are reported illustrating the 


two main types of physiologic variation. 
The first case was one in which the history 
was characteristic of a perforated ulcer and 
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the distortion of the diaphragm compatible 
with the presence of a subphrenic or intra- 
hepatic abscess. A knowledge of the dis- 
tinctive features of the anteromedial bulge 
led to a differentiation which subsequently 


proved correct. The second case was one of 


a visceroptotic woman in whom the in- 
dividual digitations were well visualized 
roentgenologically in the costophrenic an- 


gle. 


This latter case assumes importance in 


that individualization of the costal com- 
ponents has not heretofore been described 
in the American literature and as far as 
can be ascertained no actual roentgeno 
gram has been previously published. 
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PULMONARY CHANGES IN A CASE OF 
PERIARTERITIS NODOSA* 


By W. G. HERRMAN, M.D., F.A.C.P. 


Roentgenologist, Monmouth Memorial Hospital, .ONG BRANCH, N. J., 
Fitkin Memorial Hospital, ASBURY PARK, N. J. 


ERIARTERITIS nodosa is a_ rather 
rare arterial inflammatory disease. 
Males are affected more frequently than 
females, the proportion being about 87 to 
26 as shown by reported cases. It may oc- 
cur at any age but is more common in the 
third decade. Some authors still consider 
the infecting organism as being unknown, 
attributing the disease to a filterable virus, 
while others believe that clinical observa- 
tion and animal experiments have proved 
it due to streptococcic septicemia. 

Pathologicalls , the disease 1s charac- 
terized by marked cellular infiltration with 
granulation tissue formation in and about 
the arterial walls of the medium and small 
sized arteries, with a varying degree of 1n- 
timal proliferation. Necrosis of the media 
usually accompanies these changes. These 
pathological processes may be grouped into 
four stages. 

The first is characterized by edema and 
thready, fibrinous exudation about the 
elastica intima with muscle walls separated 
by the exudate. 

The second stage of exudation shows 
infiltration of the media and adventitia by 
polymorphonuclear cells, with necrosis of 
the vessel wall following. At the height of 
this Stage, secondary thrombosis with in- 
farction of the organs involved occurs, fol- 
lowed by rupture of the vessel or aneurysm. 
Hemorrhage into the adventitia or sur- 
rounding tissue may accompany these 
processes. No suppuration takes place as a 
rule. In this stage we find high fever and 
chills, and death 1s not infrequent. 

In the third stage, we find proliferation 
of the intima with partial or total occlusion 
of the lumen. 

The fourth stage is the healed or regen- 
erative stage where considerable fibrous 
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scar tissue is found with cells quite poor in 
nuclei. Narrow channels are found running 
through greatly thickened arterial walls. 

Clinically, the disease may be difficult to 
diagnose, particularly in the early stages, 
since symptoms may be confined to the 
principal organ involved. The disease itself 
may be confined to the artery supplying 
one organ or one portion of the body. In 
general, we find the following: Temperature 
is always elevated; there is a leucocytosis 
with definite increase in the polymorpho- 
nuclear cells; occasional eosinophilia is 
found; urine usually shows albumin and 
hyaline casts because arteries of the kidney 
are very commonly involved. There 1s 
usually abdominal pain. Frequently ar- 
thritis is present and a peripheral neuritis 
may occur, and when present, should make 
the possibility of periarteritis nodosa one 
to be seriously considered. Some cases have 
sore throat and some may have asthmatic 
attacks. Arkin says that the kidneys are 
involved in 8o per cent of cases, heart in 70 
per cent, liver in 65 per cent, gastrointes- 
tinal system in $0 per cent, pancreas in 25 
per cent, mesenteric arteries in 30 per cent, 
arteries supplying muscle tissue in 30 per 
cent, and peripheral nerves 1n 20 per cent. 
He does not mention pulmonary blood 
vessels at all. Inasmuch as the symptoms in 
ditterent cases of periarteritis nodosa are 
so dissimilar due to the varying organs that 
may be involved, the following diseases 
among others must be considered in dif- 
ferential diagnosis: typhoid fever, periph- 
eral neuritis, myositis, miliary tubercu- 
losis, dysentery, meningitis, and enceph- 
alitis. Where single regions are involved, 
the symptoms of course may be those of 
any disease referable to the particular or- 
gans involved. 
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Where peripheral blood vessels are in- 
volved, small nodes may be felt along the 
course of the artery. These may be single 
or the blood vessel may be beaded. Many 
cases of course go unrecognized until au- 
topsy. There is a high mortality in this 
disease unless there are cases which go 


Fic. 1. 


unrecognized and recover. Duration of the 
disease may be six days to two years; 
average length 1s four to seven months. 
We are presenting the following case 
because, so far as we have been able to find 
in the literature, there has been no case 
reported in which periarteritis nodosal 
changes in the arteries of the bronchi or 
the pulmonary tissue have been recognized 
by the roentgen ray. In fact, Arkin does 
not even mention pulmonary vessels as 
being involved. He does mention several 
cases which developed pneumonia in the 
course of the disease, or hemorrhagic in- 
farction. One case showed atelectasis of 
both lower lobes with emphysema of the 
upper lobe. Ophils reports a case in which 
roentgenoscopic observation of the chest 
showed pathology involving both apices 
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and fixation of the left diaphragm. Autopsy 
showed that some of the bronchial arteries 
had a definite periarteritis and endarteritis 
with destruction of the media of the pul- 
monary arteries. There were small areas 
of bronchopneumonia. There was a diffuse 
infiltration of the bronchial tubes with 
eosinophilic leucocytes similar to that com- 
monly observed in asthma. Smith also 
reports a patient who suffered from asthma. 
In this case, there was extreme involve- 
ment of the small branches of the pul- 
monary artery. Bronchial arteries have 
been found involved in some cases but 
pulmonary arteries only rarely. Méncke- 
berg is the only other author who has de- 
scribed similar lesions of the lung. In all, 
there are about 150 cases reported in che 
literature. 


REPORT OF CASE 


Patient white, female, aged forty, entered 
the hospital on June 30, 1930, with the follow- 
ing history: Four weeks previous to admission 
she began to have pain in the left shoulder with 
radiation down the arm; has had hacking cough 
which she called “‘cigarette cough”; no hemop- 
tysis; history also of afternoon rise in tem- 
perature, night sweats, loss of weight, loss of 
appetite. Three days prior to admission patient 
felt numbness on the extensor surfaces of both 
feet. Following this she developed numbness of 
both feet and loss of motor function, more 
marked on the right than on the left. Past his- 
tory negative. Temperature on admiision was 
102.6° F., pulse 120, respiration 3 

Physical Examination. Essentially negative 
except for evidence of what appeared to be a 
polyneuritis involving both lower extremities, 
more marked on the right than on the left. 

Laboratory Findings. Urine showed a trace 
of albumin but otherwise was negative. Blood 
count showed a leucocy tosis of 22, 4,100, 
red cells. Blood and spinal fluid Wassermann 
negative. Blood culture negative. 

On July 2, 1930, three days after admission, 
roentgenograms were taken of the chest, which 
were negative, no evidence of pulmonary pa- 
thology being noted. Physical examination of 
the chest at this time was also negative. The 
teeth were also roentgenographed and found to 
be negative for apical or root infection. Neuro- 
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logical consultation was obtained and the im- 
pression was that the condition was one of 
infectious polyneuritis. Patient became gradu- 
ally worse and on August 6 was definitely 
weaker, had a temperature of 102° F., pulse 
140, was dyspneic and cyanotic. On August 11, 
a roentgenogram (Fig. 1) was taken of the chest 
which showed a diffuse perivascular infiltration 
spreading out uniformly and equally from both 
hilar regions; involvement apparently stopped 
very definitely and symmetrically at the mid- 
clavicular line on both sides. In the perihilar 
regions there were areas that might be con 
sidered as representing either small infarctions 
or small areas of bronchopneumonia, or both, 
around which there was pulmonary congestion. 
Appearance was more that of a vascular condi- 
tion than of any pulmonary infection. At about 
thi; time, she was seen by Dr. Wiener who 
made a diagnosis of periarteritis nodosa _be- 
cause of the progressive muscular dystrophies, 
myecardial changes, pulmonary phenomena as 
observed by the roentgen ray, peripheral nerve 
involvement and acute nephritis which is 
nearly always present in these cases. 

The patient’s condition remained practically 
unchanged and subsequent roentgenograms 
were taken on August 13 and 18. On August 13, 
the condition appeared about the same except 
that there was more evidence of intravesicular 
and peribronchial or vascular exudation. Al- 
though these marked pulmonary changes were 
observed roentgenographically, physical find- 
ings in the chest continued to remain practi- 
cally negative. On August 18, the fine, discrete, 
linear markings were becoming confluent, indi- 
cating further exudation, with suggestion of 
beginning solution or cavitation here and there. 

Patient left the hospital on August 18, 1930, 
against the advice of the physician. She was 
readmitted to the hospital on October 13, 1g30, 
at which time she was in a semi-moribund 
state. At this time she showed evidence of in- 
volvement of the cerebral blood vessels and de- 
veloped a hemiplegia. Condition became grad- 
ually worse and patient died on October 25. 
Ante-mortem roentgenogram was taken, Oc- 
tober 14, 1930, but due to the patient’s clinical 
condition, films were quite unsatisfactory for 
giving any impression as to lung detail. They 
did apparently show infarction and effusion. 


Also the impression was obtained that some of 


this perivascular exudation was being ab- 
sorbed, and while in some regions there was 
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destruction of lung tissue, in others there was 
a tendency to resolution of the process. Post- 
mortem roentgenogram showed fluid in the 
right chest which totally obscured the lung 
markings. On the left side, some of the pathol- 
ogy previously noted was apparent around the 
left hilus, much less marked, with the rest of 
the left lung aerating. 


as 


Autopsy Report. White, adult woman, ap- 
proximately thirty-five years of age. The body 
was rather wasted. There was a uniform pallor 
of the entire body. The face showed a peculiar 
brownish pigmentation. This was observed to 
be irregularly distributed throughout the body. 
The entire lower extremity on the right side 
showed a uniform edema although the leg was 
Habby. The lower extremity showed marked 
dystrophy of the muscles. The wasting was 
very marked. Upper extremities: The muscu- 
lature was extremely flabby but the dystrophy 
of the left side was very marked as compared 
with the right. There was hypertrichosis of the 
chin and upper lip. 

The right pleural cavity showed a straw- 
colored fluid, the specific gravity of which was 
1.014. There were some flakes of fibrino-puru- 
lent exudate, the amount of which was roughly 
750 c.c. The pleura was markedly congested 
and fibrino-purulent in places. There was fibrin- 
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ous exudate between the right pleura and the 
pericardium. 

The lungs showed a number of infarcts, at 
least 60. Some of them were very large and they 
were hemorrhagic in type. Some showed con- 
siderable breaking down. The vessels of these 
infarcts seemed thrombotic. The left pleural 
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cavity showed no fluid. Scattered in both lung 
fields were a few isolated tubercles, but there 
apparently was no active pulmonary tubercu- 
losis. No definite pathology in the pleura. 

Pericardium: There was about 115 
straw-colored, clear fluid in the pericardial sac. 
No definite pericarditis. The heart did not 
show any worthwhile pathology except that at 
the apex anteriorly we felt a definitely uneven 
surface on palpation of the terminal portions 
of the coronary vessels. The leaves of the cor- 
onary artery, and the aorta itself, showed no 
definite pathology. 

The liver appeared to be smaller than nor- 
mal. The surface after removal of the capsule 
was quite granular. The organ cut with an in- 
creased resistance. We believed we were dealing 
with an early atrophic cirrhosis of the liver. 

The stomach, gallbladder, and pancreas, 
showed no definite pathology except for nodules 
along the cystic artery. 

The spleen showed no definite pathology. 
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The kidneys were about normal in size, 
showed no infarctions, but the surface showed 
a number of petechiae, with periarterial nodes 
along the branches of the left renal artery. 

The genitourinary tract: Uterus of normal 
size. Fallopian tubes showed chronic adhesions 
around them, and superimposed on the upper 
surface of each Fallopian tube were found a 
few hard tubercles which looked like a tubercu- 
lous process. 

Cultures taken from the heart, showed sta- 
phylococcus; from the spleen, streptococcus. 

Microscopical slides of the kidney (Fig. 2), 
heart, including the coronary blood vessels, and 
the lungs (Fig. 3), showed multiple and diffuse 
nodosities of periarteritis. In the lung these 
changes involved both the bronchial and pul 
monary vessels; in fact, the entire arterial tree 
showed this pathology. These findings were 
confirmed by Dr. W. G. MacCallum of Johns 
Hopkins Hospital. 

Diagnosis: Streptococcic septicemia; multi 
ple infarcts of the lungs; chronic pleuritis; right 
hydrothorax; atrophic cirrhosis of the liver: 
chronic tuberculous salpingitis; periarteritis 
nodosa. (C. A. Pons, M.D., pathologist.) 

In all cases where periarteritis nodosa 
is suspected clinically, we believe it would 
be advisable tomake serial roentgenographic 
studies of the chest. It cannot be deter- 
mined from one case that the changes here 
reported are characteristic of periarteritis 
nodosa. While intrathoracic blood vessels 
are not as commonly involved as is the vas- 
cular system in other locations, there are, 
nevertheless, a number of cases reported in 
the literature with respiratory symptoms, 
and in this particular case, respiratory 
symptoms subsequently developed but 
were not prominent early in the disease. 
It is our impression that the pulmonary 
changes noted in the lung in this patient, 
roentgenographically, were due to vascular 
and perivascular inflammation and exuda- 
tion, together with associated congestion 
and small infarcts. The definite and per- 
sistent limitation of the changes noted to 
the inner one-half of both lung fields is at 
least consistent with the fact that only the 
arteries of a given size, i.e., moderate size, 
are, as a rule, involved. 

We offer this case with the hope 


that 
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other investigators will report whether or 
not these apparently characteristic changes 
are repeated in other cases where there is 
pulmonary involvement. 
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POST-TRAUMATIC CYSTIC DISEASE OF THE 
CARPAL BONES 


By L. A. MALONE, M.D. 


TERRE HAUTE, INDIANA 


RACTICALLY every physician mak- 

ing roentgenograms of many injured 
and painful wrists has found cases show- 
ing changes in the structure, size, and 
shape, of one or more of the carpal bones, 
particularly the semilunar and navicular. 
There is a general impression that this con- 
dition is rather rare, chiefly, I think, be- 
cause of the infrequency of reports in the 
literature, the latest American references 
found being those by Buchman,’? Gold- 
smith,® Henderson,! Patterson,* and Vo- 
shell.!! It is my opinion that if all the cases 
were collected and given a standard diag- 
nosis the number would be rather large. 
The diagnoses made of this condition have 
been many, the most common of which are 
Kienbéck’s disease, secondary post-trau- 
matic malacia, traumatic osteoporosis, os- 
teodystrophia cystica, traumatic malacia, 
and chronic osteitis. A descriptive diagnosis 
would seem to be preferable, but the varia- 
bility in stages of progression and terminal 
states makes it difficult for one term to fit 
all accurately; that of post-traumatic cys- 
tic disease seems fairly all-inclusive, but 
not very sharply defining. The most widely 
used name at the present time is that of 
Kienbdck’s disease, though Preiser has ap- 
parently done more towards working out 
the etiology and delineating the disease 
than Kienbdéck. 

In 1910 Preiser’ reported ¢ cases of an 
affection of the navicular bone following 
injury, which first showed multiple cystic 
rarefactions and terminated in a picture 
resembling an ununited fracture. Kien- 
béck® later in the same vear described 
a condition of the semilunar bone the na- 
ture of which was a structural change, some 
of the cases having suffered a primary 
fracture. There was an alteration in shape 
with a decrease in size, and an increase in 
density of the bone. 


Due to the fact that the greater number 
of Preiser’s cases are limited to the navicu- 
lar, and those of Kienbéck’s to the semi- 
lunar, together with the observation that 
the lesion in the semilunar usually pro- 
gresses from a softening and porosis to a 
sclerosis while the navicular involvement 
shows progressive cystic changes which 
persist and usually result in fracture, if 
it had not already occurred at the time of 
the original injury, some consider that the 
two are separate clinical entities. Baum! 
feels that the conformity of the pictures, as 
described by Preiser and Kienbéck, from 
the clinical, roentgenological, and anatomi- 
cal viewpoint, justifies the assumption of 
the same etiology. This was concurred in 
by Kienbéck in his original article. 

That the two lesions are identical as to 
etiology, there can be little doubt. The 
history of onset is the same in all cases, as 
are the roentgen findings at least in the 
first stages. Three of my cases show a cys- 
tic involvement of both bones, the pa 
thology being the same except for a fracture 
of the navicular in two of them in addition. 
A fourth case shows the process limited to 
the navicular and corresponding to the 
original description of Preiser’s,” while the 
fifth shows a cystic change of only the 
semilunar that terminated in a sclerosis as 
described by .Kienbéck." Why there is a 
variation in the terminal stages in the 
lesions of the semilunar is a matter of con- 
jecture. The type of fracture, occupational 
trauma, degree of injury, and amount of 
restoration of blood supply, probably all 
play a part. 

The etiology seems to be a primary in- 
jury to the wrist, which according to Miul- 
ler’ may be of three types: either (a) ab- 
normal pressure resulting from associated 
anomalies, (4) repeated minor occupa- 
tional injuries, or (c) severe trauma. The 
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opinions as to the nature of the injury are 
somewhat variable but in general agree 
upon a disturbance in nutrition. Preiser!” 
assumes that the process is a result of de- 
tachment of the ligamentum naviculo- 
lunatum which contains the main nutrient 
vessel and describes a case which showed 
small areas of rarefaction a few days after 
injury that entirely disappeared in the 
course of a few weeks, his inference being 
that the nutrition was restored through 
collateral circulation. Kienbéck feels that 
the condition follows a subluxation, either 
partial or complete with spontaneous re- 
duction, causing destruction of the blood 
supply, followed by nutritional disturb- 
ances, which result in a gradual disintegra- 
tion and fragmentation of the bone. Kap- 
pis® thinks the cause 1s a crushing and avul- 
sion of the ligaments carrying the nutritive 
vessels, but he also says interosseous hema- 
tomas may lead to the same result. Wollen- 
berg’ differs from the others in that he 
feels that all cases suffer at least an infrac- 
tion of the bone, and upon this old frac 
ture a process develops which should be 
grouped under the heading of localized 
osteitis fbrosa. Baum disagrees with Wol- 
lenberg over the interpretation of the 
microscopic findings. In his opinion they 
show a cellular infiltration in areas of 
necrotic anuclear osseous and cartilaginous 
trabeculae which has the appearance of 
being a reaction to unusually extensive 
aseptic bone necrosis. His interpretation 1s 
that the fracture resulting from the pri- 
mary traumatism heals in part by pseudo- 
arthrosis, and also by greatly delayed or 
incomplete production of callus. It does 
not seem credible from the etiological and 
roentgenological findings that there is an 
inflammatory or infectious element in this 
condition. The interpretation of Baum | 
believe should be accepted until proved 
wrong by further microscopic examinations. 
Most authors referring to this affection as 
an osteitis, however, appear to be taking 
the term in a broad sense, implying an 
aseptic infiltration followed by sclerosis. 
ven though this is the case | believe the 
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term should not be used as it is rather mis- 
leading. 

The differential diagnosis involves the 
elimination of a large number of conditions, 
but should not be difficult for a trained 
roentgenologist. The diseases to be con- 


ic. 1. Case 1. Navicular and to lesser degree semi- 
lunar show multiple small cystic areas with mar- 
ginal increase in density. Navicular and to lesser 
degree the radial articulating surface show ar- 
thritic changes. 


sidered are tuberculosis, arthritis, syphilis, 
osteitis fibrosa, congenital bone conditions, 
central bone abscesses, tumors, and decep- 
tive pictures caused by superposition. 

The course of the disease is rather varia- 
ble depending somewhat upon the type and 
nature of the injury. After an injury, usu- 
ally of sufficient degree to produce at least 
transitory pain, and a disturbance of func- 
tion, the individual is often comparatively 
free from symptoms for a period of a month 
or months, when without apparent cause 
the wrist becomes painful to pressure, es- 
pecially over the semilunar, with some 
swelling of the wrist and limitation of 
motion. This continues with periods of 
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Kic. 2. Case 11. Navicular and semilunar show mul- 
tiple cystic areas varying in size. Questionable 
narrowing of semilunar in vertical dimension, old 
fracture of navicular. Marked irregularity in ar- 
ticulating surface and density of distal end of ra- 
dius, no history of fracture. 


exacerbation and regression, which show 
no particular relationship to the use of the 
wrist. A factor of importance in this sec- 
ondary stage of pain and disability that 
must not be overlooked as at least an ac- 
cessory element is that all advanced cases 
show a varying degree of arthritis as evi- 
denced by irregularity in density and ar- 
ticulating surfaces of the radius and the 
carpal bones. 

The treatment is not very satisfactory 
and depends upon the stage of progress 
when discovered. Conservative treatment 
in the early stages in the form of rest, heat, 
and massage, leads to a good result or at 
least a workable wrist in about half of the 
cases. The experience of nearly all writers 
has been that where the fracture is fol- 
lowed by pseudo-arthrosis and a cystic 
degeneration or fracture follows the cystic 
change, union very rarely, if ever, takes 
place. In these cases the only treatment is 
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either partial or total extirpation. The 
results from operation do not give an ab- 
solute restoration of function but can be 
considered successful in at least half of the 
cases. Miller reports complete recovery in 


a case in which he did an evacuation of 


calcium and bony débris with preservation 
of the actual bone shell. 

As mentioned above it has been my 
privilege to have § of these cases, the pri- 
mary films on one of them (Case v) being 
furnished me through the courtesy of Dr. 
J. V. Prouty. I wish to present briefly the 
case history of each with accompanying re- 
marks. 


Case 1. J. K., coal miner, aged twenty-nine. 
Injured right wrist in 1920 while boxing. Pri- 
mary symptoms lasting a few days. Almost a 
year later wrist became painful and has both- 
ered him ever since, being worse at intervals. 
Examination reveals localized tenderness over 
navicular, slight limitation of extension and 
flexion, and a mild swelling of wrist. For roent- 
gen findings see Figure 1. The chief points of 


Kig. 3. Case tv. Marked cystic change in navicular 
with old ununited fracture. No abnormal findings 
in semilunar. Navicular and styloid of radius 
show arthritic changes. 
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interest here are, the involvement of both 
navicular and semilunar bones, the arthritic 
changes, especially in the navicular, and the 
fact that though the condition is ten years old 
there has been no definite fracture and the 
cystic areas are not as large as seen in other 
cases of shorter duration. The question arises, 
therefore, as to whether the degree of bone 
change is not in direct proportion to the 
amount of blood supply injury. 

Case u.H.T., foundry worker, aged twenty- 
eight. Fractured navicular bone of right wrist 
in 1925 at which time there was no change in 
bone texture. Wrist has troubled him ever 
since being worse at times and swollen in pro- 
portion to the pain. For roentgen findings see 
Figure 2. The salient findings here are, the al- 
most identical cystic changes in navicular and 
semilunar with a fracture of the navicular and 
questionable narrowing of vertical dimension 
of the semilunar, also the fact that we can 
prove the cystic changes followed the injury. 

Case 1. H. W., coal miner, aged thirty-two. 
Injured right wrist in July, 1930, at which time 
roentgen examination was made showing frac- 
ture of the navicular, but no change in bone 
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Fic. 4. Case v. Marked decrease in size of the semi- 
lunar, with some increase in density about mul- 
tiple cystic areas. Outline of bone and articulating 
surfaces of semilunar and radius quite irregular. 
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Kic. 5. Case v. Not much change in size of the semi- 
lunar, but an increase in density with loss of cystic 
areas. Several small free bony fragments are visu- 
alized. Arthritic change of navicular and styloid 
of radius present. 


texture. An operative tendon repair on the 
dorsal aspect of the wrist was made a month 
later. Roentgen examination a year later shows 
almost identical findings with those of Case 1. 
Wrist has been continuously painful since in- 
jury with no improvement. The important fact 
here is the production of a condition in one 
year almost identical with that found in Case 1 
which is of six years’ duration. 

Case iv. V. J., laborer, aged thirty-six. In- 
jured right wrist in 1917 while in the army 
when he fell backward onto his hands. Since 
that time wrist has been painful, becoming ag- 
gravated at times without apparent reason. He 
has not injured it since but thinks local swelling 
is becoming greater. Roentgen examination 
made May 14, 1931 (Fig. 3). This case appears 
to fit those originally described by Preiser. 

Case v. C. S., mechanic, aged twenty-eight, 
left handed. Injured left wrist in 1922, after 
which it pained him considerably, never being 
entirely free from pain, and having intervals of 
exacerbation. In May, 1929, injured again when 
wrench slipped and hand struck a steel struc- 
ture. See Figure 4 for roentgen findings. In 
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September, 1929, wrist was operated on and 
portion of bone removed, the surgeon reporting 
bone as necrotic and friable. In October, 1931, 
injured wrist again. See Figure 5 for roentgen 
findings. Has never been entirely free from 
pain. One must not lose sight of the operative 
procedure in drawing conclusions as to this 
case, but I believe no one will question the di- 
agnosis. 


After a study of these cases and the 
literature upon the subject, | wish to offer 
the following conclusions: 


1. That the conditions as described by 
Preiser and Kienbéck are not separate 
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clinical entities. This, of course, is not an 
original observation but is something that 
has been lost sight of by some writers. 

2. That a standard diagnostic name 
should be adopted, the most inclusive one 
up to the present time being “‘post-trau- 
matic cystic disease of the carpal bones.”’ 

3. That the disease is much more com- 
mon than the literature would indicate. 

4. That the arthritic element as a factor 
in the production of pain must not be over- 
looked 1n these cases. 

5. That the term osteitis should not be 
used in connection with this condition, at 
least not without qualifying it. 
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TUBERCULOSIS OF THE DIAPHYSIS* 


By RALPH S. BROMER, M.D. 
Roentgenologist to the Children’s and the Orthopedic Hospitals, Philadelphia, and the Bryn Mawr Hospital 
BRYN MAWR, PENNSYLVANIA 


and 
Kk. DOWNS, M.D. 
Roentgenologist to the Feanes Hospital, Philadelphia, and the Underwood Hospital 


WOODBURY, NEW JERSEY 


NASE. reports of tuberculosis of the di- 

4 aphysis are comparatively rare. Of 
these infrequent lesions the hypertrophic 
form is more common. The following case, 
that of a destructive lesion in the fibula, is 
an example of the extremely uncommon 
occurrence of a destructive tuberculous le- 
sion confined to the shaft of a long long 
bone. 


The patient, a white male, aged seventy-six, 
was admitted to the Underwood Hospital, 
Woodbury, N. J., August 4, 1930. His chief 
complaint was a tumefaction of the outer side 
of the left leg. The family history was unim- 
portant, likewise his personal history, except 
for an attack of pleurisy with resulting em- 
pyema, in July, 192g. A thoracotomy was per- 
formed and recovery was rapid. Previous to his 
admission, he had been treated in another 
hospital for the tumefaction of the left leg, and 
he stated that a diagnosis of bone cancer had 
been made and amputation was urged. 

Roentgenographic examination of the left 
leg (Figs. 1 and 2) showed a destructive lesion 
in the middle of the shaft of the left fibula. A 
Ciagnosis ot a loc alized low grade osteomy elitis 
was made. The Wassermann reaction was nega- 
tive. The tumor was aspirated and a cloudy, 
straw-colored fluid was removed. Both smears 
and cultures were negative for organisms. A 
small portion of the fluid was injected into two 
guinea pigs. After six weeks, tubercle bacilli 
were found in abundance in these animals at 
the site of the injection, in the lymph nodes, 
spleen, liver and lungs. On September 18, 1930, 
operation (Dr. H. Underwood ) Was per- 
formed consisting of a deep incision with re- 
moval of all necrotic tissue and rough bone. 
Healing was prompt and fourteen months later 
there had been no recurrence. 

Pathological report of excised specimen (Dr. 
David Farley): “Gross specimen consists of a 
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number of villous-like fragments of tissue. 
Some of the fragments are covered by what ap- 
pears to be purulent exudate. Fragments are 


Fics. 1 and 2. A superficial, circumscribed area of 
rarefaction in the middle of the shaft of the fibula. 
There is no surrounding zone of increased density, 
nor is there any periosteal reaction. The lesion is 
entirely destructive in nature. 


composed of cartilage and fibrous tissue. On 
microscopic examination, the lesion is that of 
tuberculosis.” 

A few months later, a localized swelling de- 
veloped at the right elbow. The patient at that 
time was living in western Pennsylvania, and 
roentgen examinations made there showed a 
destructive lesion in the lower end of the 
humerus. This was drained on May 4, 1931, but 
no laboratory reports or pathological confirma- 
tion of the tuberculous lesion could be obtained. 
In September, 1931, the wound in the right 
elbow was still discharging, and the patient re- 
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ported that his health was becoming steadily 
impaired. 


HISTORICAL REVIEW 


According to Vignard and Mouriquand, 
Boyer (1803) gave the first anatomical de- 
scription of spina ventosa of the long bones 
but he described it as existing only in the 
short long bones, and his description did 
not seem to be that of tuberculosis. Nélaton 
(1837) affirmed the tuberculous nature of 
spina ventosa and Rognetta, at approx- 
imately the same time, described a chronic 
medullitis of the long bones. Varanguien de 
Villepin (1842), inspired by the work of 
Rognetta, described spina ventosa, not 
only of the fingers and metacarpals but 


ics. 3 and 4. Marked periosteal proliferation of the middle of the shaft of the left femur in a child three 
years of age. Blood and spinal fluid twice negative. Disseminated tuberculosis found at autopsy. No patho- 
logical sections were cut from the involved portion of the femur and the diagnosis of tuberculosis of the 
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also in the long long bones. Parrot (1880) 
presented an autopsy of a child dead of 
convulsions with a tuberculous lesion in the 
second metacarpal and two additional le- 
sions in the ulna. In 1880 he reviewed the 
literature and reported another case of 
tuberculosis of the lower third of the fibula. 
Koenig (1884) gave one of the first com- 
plete résumés of tuberculosis of bones and 
joints. Kolodny (1925) wrote: “The pa- 
thology of skeletal tuberculosis would be 
an entirely unknown field if it were not for 
the studies of the orthopedic and the gen- 
eral surgeons. To the clinician more than 
to the pathologist we are indebted for the 
clearing up of this important field. The 
work of Volkmann, F. Koenig, F. Krause 
and N. Senn is still to be considered as 
authoritative, in spite of the twenty-five to 
forty-five years since it was done.”’ 
Numerous case reports of tuberculous 


lesions located in the diaphysis, usually of 


the hypertrophic type, have been reported 


shaft thus had no absolute verification. This case was reported in detail previously. 
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in the German and French literature. 
Fraser and Stiles have found the condition 
frequently in their clinics in Edinburgh. 
Allison and other writers have reported 
cases in America. However, American 
roentgenologic journals contain few refer- 
ences to diaphyseal lesions of tuberculosis, 
and, though rare, they must always be con- 
sidered as a possibility by the roentgen- 
ologist when confronted with an obscure 
lesion of the shaft. In 1899, Kuttner stated 
that the two most serious surgical bone dis- 
eases, acute osteomyelitis and tuberculosis, 
are distinguished by the fact that tuber- 
culosis affects the spongy portions of the 
bone and osteomyelitis affects the shaft; 
but that exceptions to this rule occur and 
that if one depends upon it, mistakes in 
diagnosis will result. He quoted Bruns who 
found the shaft affected in 6 out of 2,127 
cases of bone tuberculosis, only 0.28 per 
Cent. 


PATHOGENESIS 


Tuberculosis of the long bones may be 
divided into two main groups according to 
the location of the lesions: (1) in the di- 
aphyso-epiphyseal region and (2) in the 
diaphysis. The former group is certainly 
much more prevalent. This seeming pre- 
dilection for growth of the primary tuber- 
culous focus in the spongy portions of the 
bone has led to controversy over the ques- 
tions of pathogenesis and etiology. Numer- 
ous theories for this predilection have been 
offered. 

Nélaton. The red marrow begins to 
change into yellow at the end of the first 
vear of life and the metamorphosis is com- 
plete at the fourteenth to the sixteenth 
vear. The red marrow persists longest in 
the short long bones and in the spongiosa 
of the long long bones, hence the location 
of the majority of tuberculous foci in the 
latter because of the predilection of the 
tubercle bacilli for red bone marrow. 

Koenig. The first suggestion of an em- 
bolic theory of skeletal tuberculosis was 
made by Koenig (Kolodny). He was influ- 
enced in this belief by the frequent wedge- 
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shaped form of sequestra. The tubercle 
bacillus brought in by the blood stream 
stops at a narrowing or a blind ending of a 
capillary, and a tubercle results. 

Lexer showed in 1904 that the capil- 
laries of the nutrient artery of the diaphysis 


Fic. 5. Extensive periosteal proliferation and thick- 
ening involving the upper half of the diaphysis and 
the metaphysis of the ulna. Multiple tuberculous 
bone foci elsewhere in the same patient. 
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kic. 6. Large elliptical-shaped area of rarefaction in the metaphysis and diaphysis with an oval area in the 
epiphysis of the lower end of the femur in a child aged three and one-half years. Old tuberculin, 0.1 mg. 
strongly positive after twenty-four hours. Clinical course of the disease typical of tuberculosis of bone 


and knee joint. 


of the metaphyseal vessels close to the 
diaphyso-epiphyseal junction of the rami 
perforantes of the epiphysis and finally of 
the epiphyseal vessels of the ossification 
center as well as end arteries which sur- 
round the joint cartilage do not anastomose 
but are end-vessels in the sense of Cohn- 
heim. The finer ramifications of these di- 
aphyseal, metaphyseal and epiphyseal ar- 
teries are directed toward the epiphyses, 
and this partially explains the location of 
the primary foci in tuberculosis of the long 
long bones, i.e. more often in the meta- 
physeal and epiphyseal areas than in the 
diaphysis. 

Kolodny (1925) by his anatomic studies 
supported his hypothesis that if the hema- 
togenous-embolic theory is correct, then 
certain anatomical facts should govern the 
location of the lesions in the ends of the 


bones, metaphyses and epiphyses. Thus, 
anatomical findings, which he describes in 
detail, govern the location of foci so often 
found, for example, in the lower angle of 
the head of the femur and the anterior as- 
pect of the vertebral body, and also, there 
are anatomical reasons for the extremely 
rare, if ever present, location of foci in the 
subtrochanteric fossa of the neck of the 
femur or the posterior aspect of the ver- 
tebral body. 

Ely opposed the embolic theory and 
suggested a theory of pathogenesis based 
on the known specific affinity of the tu 
bercle bacillus for epithelial, endothelial 
and lymphoid tissue, that is, the red bone 
marrow of the epiphyses and synovia of the 
joints. The existence of diaphyseal forms of 
tuberculosis has been definitely proved, 
which seems to refute Ely’s argument that 
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his theory explains the question: Why are 
primary foci of tuberculosis of bone found 
in the epiphyses while in suppurative osteo- 
myelitis the shaft is involved? 

Payr states that Staphylococcus pyogenes 
aureus has the tendency and ability to 
cause thrombophlebitis and during the 
transfer of large, soft blood clots, larger 
blood vessels are clogged quite easily, 
hence in pyogenic osteomyelitis the larger 
blood vessels of the shaft are affected. 


PATHOLOGY 


The various authors writing on shaft tu- 
berculosis differ in their classification and 
terminology of lesions and also in their 
answer to the question: What constitutes 
diaphyseal tuberculosis? Thus Kuttner di- 
vides shaft tuberculosis into primary from 
the cortex or marrow canal, and secondary 
from the epiphysis. Caan agrees with Hil- 
debrandt and Zumsteeg that cases should 
be counted as shaft tuberculosis which 
start in the metaphysis and gradually 
spread to the diaphysis, but he admits 
that frequently it 1s very difficult to tell 
just where the primary focus was situated. 
Reichel divides surgical bone tuberculosis 
into primary joint or epiphyseal affections 
and primary tuberculous osteomyelitis af- 
fecting the diaphysis in circumscribed foci 
or in a diffuse manner involving the whole 
marrow canal and usually leading to partial 
sequestration. Caan prefers Kuttner’s clas- 
sification with modifications as follows: 

I. (A) Primary shaft tuberculosis. This may 
be secondary to some other tuberculous 
focus not in the bones, central and periph- 
eral lesions. 

(B) Primary in the metaphysis and from 
there spreading to the shaft. 

I]. Primary in the joint or epiphysis and from 
there spreading to the shaft. Of this class of 
lesion, there are several tvpes: 

a. Progressive infiltrating tuberculosis. 

b. Caries carnosa. 

Cc. Type similar to the previous two 
forms but characterized by a chronic 
course and better prognosis. 
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Schinz describes an osteosclerotic form 
of bone tuberculosis affecting the shaft. 
This is a rarefying osteitis, spread out in 
multiple foci over the shaft, not involving 
the joints, to which is added a coincident 
ossifying periostitis. The spongy cortex, he 
says, cannot be differentiated from the 
spongy periosteal stratification. He also de- 
scribes a rare form with no circumscribed 
foci but characterized by a diffuse, progres- 
sive and specific granulation tissue forma- 
tion without any tendency to caseation. 
The affected bones are greatly rarefied, 
periosteal changes are weakly defined or 
are entirely lacking in the roentgenogram 
and endosteal reaction is evidenced only to 
a mild degree by a spotty appearance. In 
sections, the bones seem to be destroyed. 
This destructive type is evidently the caries 
carnosa of other writers. Brown and Stiefel 
call this the granulating or fungous type, 
occurring rarely, most often seen as a se- 
quel to shoulder joint tuberculosis and 
known as caries carnosa, because non- 
caseating red granulation tissue containing 
few tubercles is seen, extending the entire 
length of the bone, destroying it from in- 
side out until the cortex remains only asa 
thin shell. 

Sorrel and Sorrel-Déjerine describe three 
phases in the production of the hyper- 
trophic lesion of the shaft as seen in the 
roentgenogram: (1) periosteal proliferation 
resulting in the formation of a shell sur- 
rounding the shaft; (2) isolation of a se- 
questrum in the interior of the shell, and 
(3) fragmentation of the sequestrum and 
destruction of the periosteal shell. These 
phases correspond to three clinical stages: 
(1) tumefaction without abscess formation; 
(2) collection of an abscess; (3) formation 
of fistulas. 

lriedlander described three types of 
shaft lesions: (1) solitary metaphyseal fo- 
cus, identical with an epiphyseal focus on 
the other side of the epiphyseal line; (2) the 
infiltrative focus from the medullary cav- 
ity; (3) the periosteal focus. 

Allison in reporting his study of 50 cases 
of bone tuberculosis states that the usual 
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terms of classification which are employed 
are: (1) the encysted lesion; (2) the in- 
filtrating lesion; (3) the atrophic lesion, and 
(4) the hypertrophic lesion. Furthermore 
he states that it has been the usual policy 
to classify separately the joint lesions and 
regard them as distinct entities: (1) acute 
miliary synovitis; (2) chronic tuberculous 
synovitis; (3) granulating or fungating 
synovitis, and (4) fibrous tuberculous syn- 
ovitis. In these instances, he believes the 
observer has described one phase of tissue 
reaction and has regarded it as a clinical 
entity. He thinks a simpler classification 
should be used. Tuberculous infection that 
gains a foothold in any certain region such 
as cancellous or cortical bone, the metaph- 
ysis, the epiphysis, the bone marrow, the 
joint capsule, the ligaments and synovial 
membranes, behaves in a manner corre- 
sponding to the structure involved. There 
is no reason pathologically or clinically to 
consider these lesions from the standpoint 
of contrasted bone or joint involvement. 
Allison believes that the disease is pri- 
marily a disease of bone. He is not sure in 
what tissue the primary infection takes 
place but he is certain that in all of his 
cases the bone became the chief seat of the 
infection. In regard to the lesions situated 
in the shaft away from the epiphysis, he 
says the process is characterized by a 
marked tendency to bone proliferation, but 
although it might be regarded as hyper- 
trophic in type, in all of his cases which 
showed these characteristics, areas of de- 
struction were also found. Thus when the 
infection invades areas that readily pro- 
duce new bone as a reaction to infection, 
then destruction predominates. In all his 
cases when compact bone was involved, 
proliferation predominated; when cancel- 
lous bone was affected, the lesion proved 
to be destructive. The pathologic process 
is to be regarded as not essentially differ- 
ent in its manifestations wherever it may 
occur. Thus observers cannot properly de- 
scribe one phase of tissue reaction such as 
fungating or granulating, etc., and con- 
sider it a pathological and clinical entity. 
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Allison and Fisher (1916) were able to 
produce tuberculosis experimentally in any 
portion of the long bones of dogs. They 
found that when the focus was implanted 
under the periosteum or in the diaphysis, a 
proliferative process resulting in the for- 
mation of new bone occurred. When the 
epiphysis or the joint surface was inocu- 
lated, this reaction did not occur. This ob- 
servation seemed to confirm that of Fraser 
(1912) who described hypertrophic shaft 
lesions. 

Jiingling (1920) described a cystic con- 
dition of the metacarpals, metatarsals and 
phalanges, associated with lupus vulgaris, 
in the hands and feet of young adults. Oc- 
casionally the cuneiform, cuboid, ulna, and 
nasal bones were affected. He could obtain 
no definite proof but considered the syn- 
drome was tuberculous in etiology and sug- 
gested the name “‘osteitis tuberculosa mul- 
tiplex cystica.”’ In 1928, Jiingling collected 
reports of 46 cases to which he added g of 
his own. Schwentker has lately (1931) re- 
ported the first case of cystic tuberculosis 
of bone occurring in an infant. In his case, 
cystic areas were formed in the diaphysis 
as well as in the epiphysis. He explains that 
in the former, the lesion usually developing 
in tuberculosis of bone is modified by 
periosteal reaction. There is central casea- 
tion with surrounding fibrosis, but the en- 
tire lesion is limited by the formation of 
new bone in the subperiosteal region, so 
that the process 1s apt to assume a piriform 
or spindle-shaped outline. The caseous 
process may predominate with subsequent 
formation of abscesses and sinuses. If fibro- 
sis is more pronounced than caseation, a 
cystic lesion may result, especially in the 
metaphyso-epiphyseal areas which may re- 
main unchanged for long periods or may 
progress to the formation of abscesses or 
may retrogress to almost complete healing. 

Greig (1932) has lately explained the 
pathological changes of shaft tuberculosis 
on the basis of the theory of bone formation 
as formulated by Leriche and Policard. 
Greig’s theory seems to summarize the 
ideas of this later school so thoroughly that 
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his description is quoted in detail. Leriche 
and Policard treated bone as connective 
tissue. Osteoblasts are fibroblasts, enlarged 
on account of their activity and their only 
claim to osteoblastic power is that by their 
death they may, and probably do, facili- 
tate the transference of calcium from the 
colloidal condition in which it exists in the 
blood serum and lymph to the condition 
in which it is present in bone. Or the death 
of these cells may liberate some constituent 
which affects the metabolic activity of 
other cells or modifies the local circulation. 
Osteoblasts are nothing more than mere 
foreign body cells which help to absorb 
dead bone by halisteresis or to remove it as 
granules to the best of their poor ability, 
and this they do, Greig states, far less 
efficiently than does the serous effusion in 
which a sequestrum 1s bathed. 

very trauma, Greig thinks, brings about 
a liberation of histamine which provokes a 
local reaction, a dilatation of capillaries, a 
local hyperemia, a local dedifferentiation, a 
readjustment and a redifferentiation. The 
redifferentiation occurs as the hyperemia 
recedes and a new trabecula forms as the 
old one thickens on the side that ts at rest, 
and gradually the whole bone changes its 
shape and architecture. Periosteum, like 
bone, 1s a connective tissue and a deriva- 
tive from the mesoblast. It differs from the 
ordinary fibrous connective tissue in the 
degree of its vascularity. It has two func- 
tions, that of a limited membrane and that 
of a pathway for the blood and lymph ves- 
sels and for the nerves to the bone which it 
ensheaths. 

Shaft tuberculosis changes the diaphysis 
from its normal shape to a_ thin-walled 
fusiform expansion. The process of this 
change, according to Greig, is not gen- 
erally appreciated. Tubercles do not dis- 
tend the bone from pressure within, inas- 
much as this 1s impossible, bone being a 
rigid structure. The presence of tubercles, 
their bacilli and their toxins, within the 
marrow cavity, or within the haversian 
canals, or even on the surface, acts as a 
foreign body and as such provokes a his- 
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tamine-induced hyperemia. When the hy- 
peremia reaches a certain degree, a conse- 
quent decalcification follows with the pro- 
liferation of fibroblasts. The bone thus be- 
comes soft and the softened tube now re- 
accommodates itself to its contents and 


al 


ics. 7 and 8. Same case as shown in Figure 6 five 
vears later. Complete healing of the tuberculous 
focus in the shaft and the epiphysis. The infection 
has now spread to the knee joint, affecting es- 
pecially the articular surfaces of the femur and 
tibia, outer half, and the entire patella. In the 
meantime the patient had a fracture of the femur 
at the junction of the middle and lower thirds 
which has firmly united and which accounts for 
the periosteal and cortical thickening in this area. 


with this relief hyperemia diminishes and 
at once the local excess of calcium is util- 
ized to form new bone. The hyperemia 
varies in intensity and coincidently de- 
calcification and recalcification alternate, 
yet proceeding synchronously, throughout 
the affected part of the bone, and the 
gradual readjustment which takes place is 
greater at its middle than at the extremities 
of the affected portion, and so continues 
until, in some cases, the whole shaft par- 
ticipates. The sheath of the new bone is 
formed at the periosteum because there 
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Kic. g. Tuberculous osteomyelitis. Same case as 
shown in Figure 5. Opposite forearm. The radius 
and ulna show marked periosteal and cortical 
change. In the radius the process involves almost 
the entire shaft. 


and there only, in the diseased bone can be 
the necessary combinations of adequate 
blood supply and the excess of calcium 
salts. Subperiosteal formation does not 
mean that the formation is periosteal in 
origin. 
COMMENT 

The roentgenographic appearance of the 
lesion in the fibula of the case reported here 
shows no characteristics comparable to any 
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of the various types of lesions previously 
described. A search of the literature re- 
vealed only one type of lesion which re- 
sembles the appearance of this case. Caan 
in describing tuberculous lesions solely aft- 
fecting the diaphysis, describes the central 
and peripheral types. The former begins in 
the cortex, is usually of the caseating vari- 
ety in which the granulation tissue be- 
comes quickly caseous before it absorbs the 
surrounding bone tissue. When the case- 
ating tissue shuts off the circulation, se- 
questration occurs. Further sequestration 
results from the fact that the original se- 
questrum lies in a cavity lined with tuber- 
culous granulation tissue and so healing 
does not occur. Further, in the diaphysis 


ics. 10 and 11. Marked expansion of the perios 
teum with thickening of the cortex of the tibia in a 


child three years of age. Blood Wassermann of 


both the patient and his mother, positive. Syphil 
itic dactylitis at the age of six months. When com 
pared with Figures 3 and 4 the difficulty of dif- 


ferential diagnosis from the productive type of 


tuberculous lesion is obvious. 
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the caseating lesion is modified by perios- 
teal reaction, there being central caseation 
with surrounding fibrosis. The entire lesion 
is limited by the formation of new bone in 
the subperiosteal region so that the process 
is apt to assume a spindle-shaped or a piri- 
form outline. 

Caan’s second type is a peripheral lesion 
which this case seems to resemble. This is a 
rarer type than the former. Foci are small 
and have a superficial situation, either 
periosteal or subperiosteal or superficial in 
the cortex. They often lie close to the skin 
and their size can be easily estimated by 
palpation of the overlying soft part swell- 
ing. According to Krause, it occurs mostly 
in children or in young persons who show 
other old or recent tuberculous foci and the 
bones usually affected are the humerus, 
ulna and tibia. It is sometimes a manifes- 
tation of multiple tuberculosis of bone. It 
may occur also in persons of any age who 
have shown no previous evidence of tuber- 
culosis in any part of the body, but who in 
a comparatively short time develop multi- 
ple foci in other organs, bones, joints, skin, 
lymphatic glands, ete. 

The lesion in the fibula in our case was 
definitely superficial. A tumefaction was 
present. An additional focus soon de- 
veloped in the humerus. No other tuber- 
culous foci were found on the first exam1- 
nation. In many respects, this case 1s simi- 
lar to the descripti yn of Caan’s second type. 

DIFFERENTIAL DIAGNOSIS 

The difficulty of differential diagnosis 
need scarcely be mentioned inasmuch as It 
is so extremely obvious. The dense, fusi- 
form or spindle-shaped swelling of the 
middle of the shaft in the hypertrophic 
type cannot be differentiated from the 
similar type of lesion produced by syphilis 
in the same area. This difficulty has been 
fully discussed by Lovett and Wolbach. 
The destructi\ ve lesion, here reported, pre- 
sents the same difficulty in differentiation 
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from syphilis and could also be mistaken 
for a malignant lesion. 


ROENTGENOLOGICAL TYPES OF 
DIAPHYSEAL LESIONS 


The various roentgenological types of 
diaphyseal lesions which have been en- 
countered by us, for comparison with the 
cases reported, are as follows: 

I. Lesions confined strictly to the diaph- 
ysis: 

1. The destructive superficial type (Figs. 
1 and 2). 

2. The periosteal or productive type, 
much more frequent (Figs. 3 and 4). 

Il. Lesions involving the diaphysis, the 
metaphysis and often the epiphysis. 

1. The productive, periosteal type (Fig. 
5). 

2. The type of lesion presenting a large, 
sharply defined area of rarefaction involv- 
ing the metaphysis and extending across 
into the epiphysis (Figs. 6, 7 and 8). 

3. Tuberculous osteomyelitis involving 
the major portion of the entire long bone or 
very often the entire bone (Fig. 9). Case 
reports of these lesions are of frequent 
occurrence in the literature and the lesions 
are often more extensive than the case here 
shown. 

SUMMARY 

A case of a destructive tuberculous lesion 
in the shaft of the fibula is reported. Other 
diaphyseal and metaphyseal lesions are re- 
produced for comparison. Tuberculosis of 
the shaft has long been recognized, but be- 
cause of its rather infrequent occurrence 
has been little described in American roent- 
genological literature. It must be consid- 
ered as a possible cause of an obscure shaft 
lesion, especially when multiple foci are 
found elsewhere. 

We wish to express our appreciation and thanks to 


Dr. J. H. Underwood for his permission to report this 
case. 
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DISCUSSION 


Dr. L. PT. LeWatp New York City. | have 
seen two cases prov ed to be tuberculosis of the 
shaft of the radius. | wanted to ask Dr. Bromer 
if there was a possibility of the bovine type of 
tubercle bacillus being responsible for these 
shaft lesions rather than the human type, be- 
cause there are a great many more cases re- 
ported abroad, particularly in England, of tu- 
berculosis of the shaft of the bones, where it 1s 
a well-known fact that control of bovine tuber- 
culosis is not as well carried out as it is in this 
country. | think Dr. Bromer’s contribution is a 
very important one. 

Dr. Ross Gotpen, New York City. I had 
the occasion to see the first case shown by Dr. 
Bromer before he did, and I called it an osteo- 
genic sarcoma. This patient had a large swell- 
ing over the fibula which at first was stony 
hard and later became soft and rather fluctu- 
ant, suggesting fluid. Over that lesion there was 
a little periosteal reaction which didn’t show 
very well on Dr. Bromer’s slide. I was very 
much surprised, needless to say, when I heard 
that tuberculosis had been found in this lesion. 
| had the opportunity in England four years 
ago to see a sclerosing lesion of the lower end 
of the radius about an inch above the joint with 
a lace-work periostitis which we have been 
taught is characteristic of syphilis. I have seen 
exactly the same thing, to me indistinguishable, 
in a case of osteogenic sarcoma and in another 
case of nonspecific osteomyelitis. Dr. Twining, 
of Manchester, who showed me this film, kindly 
sent me a print of it later and a report of the 
operative findings which proved it to be tuber- 
culous. 

| wish to express my appreciation to Dr. 
Bromer for taking up this interesting subject 
as it seems that we are meeting this problem 
more and more frequently. In the last two years 
| have had occasion to see two other cases and 
the ditterential diagnosis to me is extremely 
difficult. 

Dr. A. B. Gitt, Philadelphia. In these cases 
of tuberculosis of the shaft of long bones which 
Dr. Bromer has shown there are, I think, two 
types. There is the rare type in which the pri- 
mary lesion is in the shaft or diaphysis and it 
remains confined to this location and may be of 
the unusual sclerosing form. In the other type 
the primary lesion is in the metaphysis near 
the end of the bone, but the disease has spread 
thence into the diaphysis. Tuberculosis of bone 
originates commonly in the epiphysis or the 


Tuberculosis of the Diaphysis 


metaphysis and comparatively rarely extends 
into the shaft. But there is a fulminating type 
of bone tuberculosis with rapid growth of the 
disease and involvement of the medulla just as 
there is a fulminating type of pulmonary tuber- 
culosis which years ago was called “galloping 
consumption.” 

Whether or not new bone formation ever 
occurs in tuberculosis has been doubted or 
denied by some orthopedic surgeons. But it has 
been observed occasionally. I think it is more 
apt to occur in these cases of shaft tuberculosis 
than in tuberculosis of cancellous bone because 
osteogenesis of subperiosteal bone is more 
marked in the shaft than in the ends of long 
bones. But not all disease of the shaft leads to 
sclerosis. A punched-out appearance of the 
shaft is sometimes seen which is difficult of 
diagnosis. New bone formation has also been 
observed in vertebral tuberculosis. 

Dr. Bromer (closing). In answer to Dr. 
l.eWald’s question, Fraser and Stiles in Edin- 
burgh have written a great deal on this subject. 
I, unfortunately, cannot be absolutely definite 
in my answer. I am not certain whether they 
have proved that the prevalence of this type of 
tuberculous shaft lesion is due to the greater 
occurrence of bovine tuberculous infection in 
man than infection with the human strain. 

In the hurry of presenting this paper I did 
not emphasize the point that Dr. Gill brought 
out, that the majority of cases presented by us 
are not cases of true shaft tuberculosis. Two 
only were shown. The one case, that of Dr. 
Downs’, is the peripheral, or the superficial 
cortical or subperiosteal or periosteal type of 
lesion described by Cohn in his two types of 
primary shaft tuberculosis. The second case is 
an example of the sclerosing type which is more 
frequently found than the peripheral lesion. 
Kiuttner drew hard and fast lines and insisted 
lesions of the metaphysis should not be in- 
cluded in shaft lesions. He also excluded sec- 
ondary lesions arising from foci in the epiphy- 
sis. Cases of this latter sort were reported by us 
in order to make the study complete and cover 
al types of shaft tuberculosis. 

The question of the réle the periosteum plays 
in the formation of the sclerosing type is in- 
teresting. Is it entirely a limiting membrane 
with no bone-producing functions or does it 
assist in the sclerosing process and new bone 
formation? This question has not as yet been 
definitely answered. 
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ACTINOMYCOSIS OF THE SPINE* 


By J. L. TABB, M.D., and J. T. TUCKER, M.D. 


RICHMOND, VIRGINIA 


CTINOMYCOSIS is widely distributed 
in thiscountry, being especially preva- 
lent in the upper Mississippi Valley and in 
the Northwest portion of the United States. 
It is far more common than one is led to 
believe from the scattered cases occasion- 
ally encountered in this locality. Nearly 
every region in the body has been known 
to be affected, but the spine is one of the 
rarest sites known, and it is for this reason 
that this particular case is of interest. 


BIOLOGICAL 


Le Blanc is given the credit of being the 
first to write of this disease known then as 
“lumpy jaw,” described so vividly from 
the picture that cattle so infected gave. It 
was not until 1877 that Bollinger and Hartz 
described the organism that caused this 
condition so readily recognized in cattle. 
One year later Israel and Wolff isolated the 
same organism from humans. 

Actinomyces or ray-fungus is normally 
saprophytic, growing upon grains, grasses, 
and similar vegetable matter. In order that 
this infection may be established, some of 
this vegetable matter must be introduced 
into the tissues. As a consequence, the 
infection is commonest about the mouth. 

Conn at the Agricultural Experiment Sta- 
tion, Geneva, N.Y., found that the total 
floral and sod soil contained 38 per cent ./c- 
tinomyces while the cultivated soil contained 
only 20 per cent. To account for this, anae- 
robic conditions were thought to greatly 
favor the growth but aerating the soil pro- 
duced no effect. It was then observed that 
this fungous growth lives best on decaying 
roots of vegetables and plants. Microscopic- 
ally the characteristic, radiating, clubbed 
ends of the mycelial filaments give it the 
name of ray-fungus. The exudate from the 
infected tissues contains the characteristic 
granules, small, yellowish particles, com- 


monly known as sulphur granules, which 
can be distinguished with the naked eye. 


ORIGIN AND MODE OF INFECTION 

The first manifestation of the disease is 
usually found about the jaw or in the 
tongue; in either of these localities there is 
produced considerable enlargement which 
is dense and fibrous, called wooden tongue 
or lumpy jaw. It is generally considered 
that man and beast obtain their infection 
from a common source. Any individual 
who is careless about chewing straws, 
twigs, grasses or grain, or who is neglectful 
in the care of his mouth and teeth, may 
thus be readily infected. Moos reports two 
cases of infection traced to chewing strap. 
Hummel reports one case of ./ctinomyces 
abscess of the tonsil pierced by an oat 
chaff. 

The following questionnaire was _pre- 
pared and sent to each of the 40 cases which 
were treated at the Mayo Clinic: 


1. Have you ever in any way come in contact 
with horses or cattle affected with lumpy jaw 
or any disease simulating it, such as old ulcers, 
or swellings about the animal’s head or neck? 

2. Have vou been in the habit of chewing on 
straws or blades of grass or picking vour teeth 
with same? 

3. To what extent have you eaten of fresh 
uncooked vegetables such as lettuce or celery? 

4. Have you at any time had decayed teeth 
or other tooth troubles? 

5. State as accurately as you can what has 
been the cause of the disease and what treat- 
ment you have carried out. 


As a result of these questionnaires, $7 
per cent reported animal to man infection; 
40 per cent admitted fondness for chewing 
straws, grasses, grains, etc. 

Skin infections are thought to be due to 
direct contact. Pulmonary infections may 
be explained by two modes of invasion: one 


* Read before the Richmond Academy of Medicine, May 24, 1932. 
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through catarrhal infections, analogous to 
bronchitis, such as inhaling chaff of grain, 
the other through a destructive disease of 
the pulmonary parenchyma itself. If the 
pleura once becomes involved, there is 
rapid spread by continuity to the chest 
wall. 

l‘or those interested in the general sub- 
ject of actinomycosis we refer them to the 
excellent article by Mattson.? This writer 
covers the biological characteristics, origin 
and mode of infection, portals of entry, 
pathological features, clinical course, dif- 
ferential diagnosis and treatment, together 
with several case reports. 


FREQUENCY 


Ruhrah, in 1899, published a review of 
1,094 cases. None of these, however, were 


‘ic. 1. Bostom’s case of actinomycosis of spine. (Re- 
printed with permission from the Yournal of Bone 
and ‘foint Surgery, 1923, 5, 759-777-) 
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Fic. 2. Roentgenogram of specimen of actinomycosis 
of spine. (Parker’s® case. Reprinted with permis- 
sion from the Yournal of Bone and Joint Surgery.) 


localized in the vertebrae. Inich sometime 
later reported 421 cases. The sites of dis- 
tribution were as follows: head and neck, 
56 per cent; pulmonary, 1¢ per cent; diges- 
tive tract, 20 per cent; skin, 2 per cent; 
doubtful, 6 per cent. 

Sanford, in 1923, reported 678 cases 
which were either acute or chronic and 
localized in every part of the body. 

Parker* in 1923 reported 8 cases of verte- 
bral involvement, which seems to be a 
complete review of the literature up to that 
date. 

Ward’ reported a case of skin, lung and 
spine infection. He suspected actinomy- 
cosis but the case was at first incorrectly 
diagnosed as tuberculosis at the hospital 
to which the patient was sent. Later, how- 
ever, the mistake was corrected after an 
examination of the pus. 
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Fic. 3. Roentgenogram of specimen of blastomycosis 
of spine. Part of destruction due to portion re- 
sected for study. (Parker’s* case. Reprinted with 
permission from the Journal of Bone and Joint 
Surgery.) 


Simpson and McIntosh‘ cover the sub- 
ject of spinal actinomycosis very thor- 
oughly. The literature was reviewed and 
28 cases were found. To these they added 4 
cases of spinal infection from their own 
experience. These four cases were diag- 
nosed clinically as tuberculosis of the spine. 
They believe that much information may 
be gained from roentgen studies, and their 
views are in accord with others that acti- 
nomycosis does not show the same predilec- 
tion for the vertebral bodies as does Pott’s 
disease. 


CASE REPORT 


Case 1. White male, aged thirty-three, 
dentist by profession, was referred to us by 
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Dr. Joseph L. Wright of Harrisonburg with a 
letter stating that the patient had had a small 
actinomycotic infection of the neck. 

Family history essentially negative. 

Past history negative except actinomycotic 
infection of the skin on the left side of the neck 
with operation October 1, 1931, which resulted 
in a general breakdown October 14, 1931. 

Present Illness. Has had pain in left hip and 
in sacroiliac region and down sciatic nerve al- 
most to the left knee. He first noticed this fol- 
lowing the operation for actinomycosis on the 
left side of the neck. He was operated on as 
follows: first incision, October 1, then incision 
and curettage of area fourteen days later, 
October 14. 

He awakened one morning, October 15, and 
found that the right arm was numb but paid 
no attention to this and shortly thereafter 
noticed that the left arm was becoming numb. 
He massaged his arms and then noticed that the 
whole body became numb. On getting up, he 
could move but did not have control of his 
body. He was helped back in bed where he 
had severe pain over heart lasting about ten 
minutes. He stayed in bed about three weeks 
following this attack. On getting up, he was 
conscious of pain in the left side of back; back 


Fic. 4. Case 1. Note large perivertebral abscess out 
lined by arrows. 


| 


24 
¢ | 


VoL. No. ¢ 


hurt after bending or sitting, especially when 
straightening up. There was soreness in left 
hip. He had never had a roentgen examination. 
In April, 1931, patient states that he had pain 
in right sacroiliac joint but pain disappeared 
and nothing was done about it. He has had 
several severe colds since August 1. No history 
of chewing grain, straws, grasses or the like. 

Physical Examination. White male, § ft. 113 
in. tall, underweight for height, pale and ap- 
parently anemic. Neurological signs negative. 
Mouth healthy. Teeth in excellent condition. 
Linear scar under left jaw bone well healed. 

Examination of Back: Patient stands with 
trunk tilted slightly to the right. Some limita- 
tion of motion in spine on bending backward or 
to either side. Pain over lumbosacral joint on 
forward or backward bending. Rotation of the 
lumbar spine limited, with discomfort. Leg rais- 
ing negative. Both thighs forcibly flexed on 
abdomen discomforting. Extension of spine 
with thighs painful in lumbar region. Pain over 
skin area about site of left 11th osteocartilagin- 
ous junction. Referred for roentgen examina- 
tion of spine. 

Laboratory Examination. Urine essentially 


negative. Blood: red cells, 4,460, : white 


Hic. 5. Case 1. View of dorsal spine showing the peri- 


vertebral abscess. 


Actinomycosis of the Spine 


Fic. 6. Case 1. Notice the sharply defined areas of de- 
struction in the bodies of the roth and 11th dorsal 
vertebrae. 


cells, 9,600; hemoglobin, 75 per cent; color in- 
dex, 0.7; polymorphonuclears, 81 per cent; 
lymphocytes, 18 per cent; eosinophiles, 1 per 
cent. Smears from larynx and nose, negative; 
smear of sputum showed ray-fungus present; 
no acid fast bacilli found. 

Roentgen Report. ‘pine: There is a sharply 
defined area of bone destruction in the body 
of the 11th dorsal, which extends downward 
from the disc between the toth and 11th al- 
most through the body. A similar sharply de- 
fined area of bone destruction is seen involving 
the lower portion of the body of the roth 
dorsal. The intervertebral space shows some 
narrowing. Large paraspinal abscess pockets 
are seen on each side of the spine in this region. 
In spite of the rather large area of destruction 
in the vertebral bodies there is no tendency 
to collapse and patient complains of very little 
pain in this region. 
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Chest: Heart, aorta and diaphragm appear 
normal. The shadows of the abscess pockets 
described above are seen showing through the 
heart shadow. 


Fig. 7. Case 1. There is no collapse of the vertebral 
bodies and only slight narrowing of the inter- 
vertebral space. 


Right Lung: Nothing of clinical significance 
is noted. 

Left Lung: Vhere is very marked bronchial 
thickening and the upper lobe presents small 
scattered areas of infiltration. 

The left side of the mandible shows no bone 
lesion. 

Summary. This patient has definitely proved 
actinomycosis involving the soft tissues of the 
left side of the neck. 

The examination of the sputum reveals the 
characteristic organism of actinomycosis with 
no evidence of the tubercle bacillus. The mul- 
tiple, sharply defined areas in the toth and 
11th dorsal segments, the early abscess forma- 
tion with very little pain in this region, and the 
absence of any tendency towards collapse of 
the vertebral bodies are more in accord with 
the diagnosis of actinomycosis than with Pott’s 
disease. 

Conclusion. Patient has actinomycosis of the 
soft tissues of the left side of the neck, the upper 
half of the left lung, and of the toth and 
11th dorsal vertebrae. 


While there are detailed descriptions of 
the roentgen findings in actinomycosis of 
the lungs, the roentgenological descriptions 
of actinomycosis of the spine are rather 
scarce. This is to be expected in view of the 
very few cases that have been recognized. 
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George and Leonard in their excellent book 
“The Vertebrae,” dnnals of Roentgenology, 
1929, vol. vit, fail even to mention the 
condition. Baetjer and Waters in their book 
“Injuries and Diseases of the Bones and 
Joints,” 1921, have only three lines devoted 
to actinomycosis and these refer chiefly to 
the jaw, namely, “Actinomycosis usually 
affects the jaw and produces a chronic os- 
teomyelitis, with no special characteristics 
which make a differential diagnosis possi- 
ble by x-ray.”’ Christie’s “Roentgen Diag- 
nosis and Therapy” contains nothing on 
this subject. 

Holmes and Ruggles have more to say 
concerning spinal actinomycosis. In their 
volume “Roentgen Interpretation” (fourth 
edition) the following is found: “‘Chronic 
lesions such as those of actinomycosis or 
blastomycosis produce irregular areas of 
destruction, usually in several bodies which, 
however, do not collapse. Chronic peri- 


Kic. 8. Case 1. Actinomycosis of the left lung. There 
is lung infiltration in the periphery of the upper 
left lobe which is roughly outlined by the arrows. 
The lower two arrows outline the perispinal ab- 
scess which is visible on the film but not in the 
reproduction. 
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vertebral abscesses accompany these le- 
sions and the responsible organism may be 
isolated in the discharge from their si- 
nuses.” 

Parker’ who thoroughly reviewed the 
literature with reference to spinal actino- 
mycosis and blastomycosis up to 1923 
writes under a roentgenogram of actinomy- 
cosis: “X-ray of specimen showing the pe- 
culiar patchy appearance of the affected 
areas in all the bodies and pedicles without 
collapse of the bodies, an x-ray appearance 
unknown in tuberculosis.” In the same ar- 
ticle he mentions that the spinous processes, 
transverse processes, laminae and adjacent 
heads of the ribs have been found at au- 
topsy to be involved. In the section on 
blastomycosis he gives a beautiful roent- 
genographic illustration with extension to 
both ribs. There is only slight collapse of 
the vertebrae. 

Both of the roentgenograms referred to 
were made of specimens procured at au- 
topsy and of course could not show the 
perivertebral abscesses which were present 
in each case. In his review of previous cases 
Parker has not encountered sequestration 
except in the form of detached spongy ma- 
terial. He finds that, ““A marked destruc- 
tion of the vertebral bodies may take place 
before a collapse of their substance occurs.” 
With reference to blastomycosis, Potter is 
quoted in this same article as follows: “The 
primary constant finding in the active le- 
sion in bone is that of a localized dissolu- 
tion. So intense and well defined is this 
process that it results in the peculiar condi- 
tion in which centers of completely dis- 
solved bone lie immediately adjacent to 
spongy bone tissue entirely intact.” 

We have covered The American Fournal 
of Roentgenology from the beginning of its 
publication to the present time and al- 
though we have found some few articles 
on actinomycosis they deal mostly with 
infection in the lungs and other organs and 
with the therapeutic value of the roentgen 
ray. The same may be said with reference 
to Radiology. 


Snoke® reports § cases of actinomycosis 
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with 4 autopsies. In one case a periverte- 
bral abscess was found at autopsy. He does 
not mention a roentgen examination of the 
spine in this case and gives no description 
of the vertebral bodies. 

Jones and Alden! report 6 cases which 
occurred in Georgia. In one case roentgen 
examination revealed involvement of the 
sternum and skull. These writers believe 
that actinomycosis is more prevalent than 
we suspect and hold that “the finding of 
the sulphur granule is not necessary for a 
diagnosis.”” They believe that these gran- 
ules occur mostly in long-standing cases, 
and for an early diagnosis a search for the 
fungus should be made from the scrapings 
of the sinus wall. 

The descriptions of previous writers and 
the findings in this case lead us to believe 
that we may describe the roentgen findings 
in actinomycosis of the spine as follows: 

1. This disease usually attacks two or 
more vertebrae. It produces rarefied areas 
which are very sharply defined, and ap- 
parently normal bone texture may lie ad- 
jacent to and between these rarefied areas. 

2. It involves the bodies, pedicles, lami- 
nae, and the different processes of the 
vertebrae, also the ribs adjacent thereto 
apparently without any predilection for the 
bodies, which contrasts strongly with tu- 
berculosis where the vertebral body bears 
the brunt of the attack. 

3. The intervertebral spaces show little 
if any narrowing, and a marked destruction 
of the vertebral body or bodies may take 
place without any collapse or kyphosis. 
The opposite is usually the case in tuber- 
culosis. 

4. Large perivertebral abscesses form 
rather early and are a constant finding. 
The organism can be found where a sinus 
has formed. 

5. Sequestration has not been encoun- 
tered. 

6. There is usually lung infection where 
the spine is involved. Roentgen examina- 
tion of the lungs will show the involvement 
and the organisin may be detected in the 
sputum. 
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The case reported has definitely proved 
actinomycosis of the skin. The sputum 
which was examined by a competent pa- 
thologist failed to show the tubercle bacillus 
but showed the ray-fungus. There are now 
fluctuating masses under the skin of the 
back but no sinus has as yet formed and in 
justice to the patient aspiration has not 
been done for fear of secondary infection. 
We do not feel justified in possibly hasten- 
ing a draining sinus for purely scientific 
reasons. When the sinus forms an examina- 
tion of the pus will be made for the ray- 
fungus, but in view of the clinical and 
roentgen findings we believe that the spinal 
condition is most probably that of actino- 
mycosis. There is one feature that is of 
interest: although this patient has localized 
vertebral destruction and large perispinal 
abscesses the pain is not severe. He walks 
with a normal gait, is active and is able to 
travel without any material discomfort. 
It has been our experience that a patient 
with Pott’s disease with abscess formation 
is usually in severe pain and unable to get 
about, so much so that he will welcome any 
means’‘of fixation to the spine. 


TREATMENT 


Mattson? reports heroic doses of potas- 
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sium iodide given in lung and appendicial 
cases, as a specific; initial doses of 75 drops 
of saturated solution three times a day; 
increase drop daily until 125—-1s50 drops 
three times a day are given. Surgery is 
valuable when the part involved is of an 
operable nature. Wide excision and curet- 
tage have been reported successful. Local 
injections of phenol in strong solutions, or 
even application of crystals, is advocated 
by some with favorable result. 

Roentgen rays and radium have been 
used in conjunction with potassium iodide 
therapy but with little noticeable effect, 
as all the cases so extensively involved 
came to a fatal termination. Vaccines have 
been advocated but none are available. 

Where there is pain about the-peripheral 
nerves, and involvement of the spine to any 
extent, mechanical support is indicated. 


Our patient 1s being given 125 drops of 


siturated solution of potassium iodide 
three times a day by mouth. He also re 
ceives an intravenous injection of potas 
sium iodide once daily. A modified ‘Vavlor 
back brace is being worn and he is under 
going a series of deep roentgen therapy to 
the spine. A recent communication tells 
us that there seems to be some improve 
ment. 
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IVORY VERTEBRA 


By H. C. OCHSNER, M.D.,* and R. H. MOSER, M.D. 


INDIANAPOLIS 


ERTEBRE d‘ivoire is the name given 

by Souques, Lafourcade and Terris’ to 
the roentgenographic syndrome of increase 
in density of an isolated vertebral body 
with retention of the normal size and con- 
tour, and with no changes in the interver- 
tebral disc. Nové-Josserand, Contamin and 
Rendu,® and Vincent and Giroire® subse- 
quently designated the condition “‘vertébre 
noire’’ due to the fact that the positive 
roentgen image is black. Other observers 
have preferred the term ‘“‘vertébre opaque.” 
This syndrome represents a symptom 
rather than a disease entity. Nevertheless, 
the findings are sufficiently definite to war- 
rant a discussion of the condition. 

Condensing osteitis may occur in a 
variety of diseases. koremost among the 
causes of a localized condensing osteitis are 
metastasis from a malignant process, 
lvmphogranulomatosis, and Paget’s osteitis 
deformans. A majority of the reported 
cases of iVOry vertebra represent instances 
of osteoplastic metastasis, especially from 
the breast and prostate. The existence of a 
primary malignant disease from which 
metastasis might occur can usually be de- 
termined by careful clinical examination. 
The vertebral involvement in’ lympho 
granulomatosis may be osteoplastic, al 
though osteoclastic changes usually pre 
dominate. 

Barsony and Schulhof,! whose review of 
ivory vertebra is the most comprehensive 
in the literature, believe that many cases 
represent a local manifestation of Paget’s 
disease. Hallermann* has described his ob 
servations in 70 cases of Paget's disease, in 
gO per cent of which the lesion was con 
fined to the spine alone. The most frequent 
changes were a thickening of the peripheral 
and a thinning of the central portions of the 
bodies of the vertebrae. In a few instances 
there was a fine porous atrophy of the en 
tire vertebral bodies. He emphasizes the 

* Roentgenologist, Methodist Hospital, Ih 
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importance of a mosaic-like structure; in 
his illustrations the condition resembles 
primary hemangioma more than ivory ver- 
tebra. It would seem, therefore, that the 
findings in a majority of the cases of Paget's 
disease are unlike those of “ivory verte- 
bra.’’ Hultén* has described a case of 
Hodgkin’s disease in which the character- 
istic findings of ivory vertebra were noted 
in the second lumbar vertebra. 

Breitlander®? described a central sarcoma 
of the body of the fifth lumbar vertebra 
which produced a homogeneous increase in 
the density of the body of the vertebra 
without alteration in form. This condition 
is extremely rare, but can be excluded by 
observation of the course of the disease. 

localized increase in density of a ver- 
tebral body may occur in myelogenous 
leucemia, in which event the blood changes 
would suggest the true diagnosis. In the 
osteosclerotic anemia of old age there is a 
scattered increase in density of the bones. 
In tuberculous spondylitis the concomi- 
tant roentgenographic changes such as in- 
volvement of the disc and paravertebral 
abscess are usually helpful diagnostic cri- 
teria. A negative serology and failure of re- 
sponse to antiluetic therapy assist in the 
elimination of lues, which is usually associ- 
ated with changes in the outline of the 
attected vertebra. 

Although a condition similar to ivory 
vertebra, may develop as a sequel to ty- 
phoid fever, Keith and Keith® state that 
the characteristic changes produced in the 
spine are destructive, with involvement of 
the intervertebral discs, which are thinned 
and blurred. The first changes are in the 
disc, followed by an involvement of the 
body, with the formation of exostoses and 
of bony deposits in the adjacent lateral 
ligaments. 

Diffuse osteosclerosis, osteopoikilosis, or 
marble bones, is never restricted to an in- 
dividual vertebra. In these conditions, too, 
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there may be anemia, enlargement of the 
liver and spleen, and nervous manifesta- 
tions. The melorheostosis of Léri is a flow- 
ing hyperostosis of a single extremity, and 
does not involve the vertebrae. 


Fic. 1. Cervical spine, illustrating opacity of the 
sixth cervical vertebra. 


Barsony and Schulhot suggest that the 
sclerosis of ivory vertebra may represent a 
reaction to a bacterial embolism with bac- 
teria of low virulence. A local chronic in- 
fection might thereby be set up, and ebur- 
nation result just as it does about the roots 
of chronically infected teeth, or in Garre’s 
sclerosing non-suppurative osteomyelitis. 

In the case which we wish to report, 
there are changes in the pelvis suggestive 
of early Paget’s disease. Changes typical of 
ivory vertebra were found in a single ver- 
tebral body, with little evidence of expan- 
sion. There was pain out of proportion 
to the roentgenologically demonstrable 
changes in the spine. 


When first seen in March, the patient, a 
woman aged seventy-five, suffered acute pain 
in the left forearm and the three lateral digits. 
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The pain was so severe that she often walked 
the floor until exhausted. The left hand was 
constantly held in the right, because of an ex- 
treme hyperesthesia of the hand. There had 
been no noticeable change in the color or in the 
temperature of the affected extremity. There 
had been no pain in the right arm or in either 
lower extremity. The onset of these symptoms 
was in January, 1931; there had been a rapid 
increase in intensity until the time of the first 
examination in March, 1931. 

The temperature was normal; the pulse 100. 
The blood pressure was 1g0 systolic and 1 
diastolic. There was a moderate enlargement of 


ic. 2. Pelvis, showing osteitis, particularly marked 
in the left ilium. 


the heart, and an occasional extrasystole was 
present. Moderate arteriosclerosis was found in 
the peripheral and retinal vessels. No enlarge 
ment of the superficial glands was detected. 
General reflexia was normal. The tonsils were 
not grossly abnormal, and roentgen examina 
tion of the teeth was negative. Examination of 
the abdomen, pelvis, and rectum disclosed 
nothing of note. 

The left arm, forearm, and hand showed no 
atrophy; all muscle groups were intact, and re 
Hexes were normal. The fingers were normal in 
color, and were held in a semi-flexed position. 
There was an extreme hyperesthesia of the dis- 
tal phalanges of the three lateral digits. ‘The 
lower extremities were very edematous to the 
knee. 

The urine contained a moderate amount of 
albumin. The initial blood count was hemo 
globin 80 per (Sahli); erythrocytes, 
4,500,000; leucocytes, 25,100, with go per cent 


cent 
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polymorphonuclear neutrophiles and 10 per 
cent small lymphocytes. Blood calcium was 9.8 
mg. per hundred, and non-protein nitrogen 32 
mg. The blood Wassermann reaction was nega- 
tive. 

During a period of observation the pain be- 
came progressively more severe, and the pa- 
tient was hospitalized from April 2 to April 
1g3t. During that time her temperature was 
normal except on the ninth day, when it rose to 
100.8° F. Urinalysis was negative except for the 
occasional presence of a few leucocytes. There 
was a moderate anemia; the hemoglobin ranged 
from 70 to 8o per cent by the Sahli method, and 
the erythrocyte count from 3.4 million to 4.5 
million. There was a constant elevation of the 
leucocyte count, which varied from 15,609 at 
the time of admission to 12,250 when the pa- 
Supravital staining re 
vealed none of the characteristics of ly mphatic 
leucemia, although the stained smear 


tient was dismissed. 


showed 
from 36 to Sg per cent ly mphocy tes. 

Roentgen examination of the left elbow and 
of the chest revealed no evidence of a pathologic 
process. kilms of the spine revealed ; 
ized hypertrophic 


general- 
lipping of the articular mar 
gins of the bodies of the vertebrae. There was a 
complete opacity of the body of the sixth cervi 
cal vertebra (hig. 1) without alteration in its 
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size or shape, and without interference with the 
integrity of the intervertebral discs. Films of 
the pelvis (lig. 2) demonstrated a fibrous 
osteitis of the sacrum and of the lower margin 
of the left ilium, extending to the acetabulum. 
Roentgen therapy was administered on April 
7 and 8, 1931. A suberythema dose was given 
through a lateral portal on each side of the in- 
volved segment of the spine. The treatment 
factors were 170 kv. peak; focal-skin distance, 
12 inches; filter 0.25 mm. Cu and 1 mm. Al; 
70 ma-min. Following these treatments the pa- 
tient was somewhat relieved, but some pain 
persisted. She was again treated on May 20 
and 21, using the same factors, and complete 
and permanent relief resulted. At present— 
August, 1932—the patient is in excellent health, 
and has no pain whatsoever. There has been no 
change in the roentgen appearance of the pelvis, 
but the density of the sixth cervical vertebra is 
somewhat less marked. 

This case is reported because of the com- 
parative rarity of the condition, the diffi- 
culty of accurate differential diagnosis, the 
marked subjective neurologic findings, and 
the prompt and lasting response of the 


condition in this patient to 


roentgen 
therapy. 


REFERENCES 


BAarsony, and O. Der Elfenbein 
wirbel. Fortschr. a. d. Geb. d rahlen, 
13 
ITLANDER., Zen itr: ile osteopl: istische s Sarkom 
eines Wirbel 1 Rontgenbilde. Fortschr. a. d. 
Geb. d. Rontgenstrahlen, 1926, 34, 23-525. 
HaALLeERMANN, W. Zur Kenntnis der Ostitis de- 
formans Paget der Wirbelsaule. / 
Geb. d. Ronteenstrahlen 


» 1929, JO, 999-1017. 

lfenbeinwirbel” bei 
L.ymphogranulomatose. ./cfa radiol., 1g27, 8 


Y., and Kerrx, J. P. Typhoid osteitis 


| 


and periostitis. ‘7. As 
2148. 

6. NovE-JossERAND, ContTamin, and Renpu, A. 
Sur un cas de vertebre noire. Lyon chirurg., 
1925, 22, 745-747. 

SOUQUES, LarourcapeE, and Terris. “Ver- ‘ 
tebre d'ivoire” dans un 


1926, 87, 2145- 


cas de cancer meta- 

statique de la colonne vertébrale. Rev. neurol., 
1925, 72, 3-10. 

8. Vincent, C., and Grrorre, H. 


Ostéomalacie 
vertébrale 


. , , 

diffuse chez les cancéreux;: ostéo- 
malacie vertébrale sénile avec vertébre noire. 
Rei MWe urol., 


1Q2¢. 22. 2 
35.) 


| | 
WEY) 


May, 1933 


TRICHOBEZOAR* 


By H. DABNEY KERR, M.D., 


and EDWIN L. RYPINS, M.D. 


IOWA CITY, IOWA 


EZOARS, as a group, have been known 
since the twelfth century B.C. The 
term bezoar has been applied to masses 


found in the stomach and intestines of 


Fic. 1. Anteroposterior view with patient standing. 
Note how the mass is almost completely outlined 
by the barium. 


both men and animals. ‘““They were highly 
prized and sought after as remedies against 
poisons and pestilential diseases”’ (Balfour 
and Good'). This superstition regarding 
their medicinal effects has persisted until 
recent times as the bezoars of the buffalo, 
when sectioned and placed over a dog bite, 
were supposed to prevent hydrophobia. 


INCIDENCE 
The first case of trichobezoar or hair-ball, 


as it is commonly known, was reported by 
Baudamant in the Yournal de Médecine, 


Paris, in 1779.’ The first one to be reported 
as having been removed at operation was 
that of Schoenboin in 1883.° Trichobezoars 
are particularly common in the cow, the 
horse, and the rat, especially during the 
hair-shedding seasons.® According to Bal 
four and Good, hair-ball is the most com- 
mon of all types of bezoar. Up to 1930, 139 


cases of bezoar had been reported and 20 of 


these were phytobezoars or food-balls, thus 
leaving 119 cases of trichobezoar (Camp). 
LeWald also believes trichobezoar to be 
common, yet it is interesting to note that 
Butterworth? in 1909, was able-to collect 
only 42 cases, thus indicating that with 
the more frequent use of the roentgen ray 
more cases are being reported. 


ETIOLOGY 

“Most of the cases are in females of the 
English speaking races” (Maes"). This is in 
accordance with the views of Butterworth 
who adds that, “‘very few trichobezoars are 
found reported in the German literature.” 

The condition is uncommon in males, as 
Maes in 1928 was able to find only 2 cases 
which had occurred in this sex. 

Butterworth, Matas, and Maes, all agree 
that the habit of young girls wearing long 
hair predisposes them to biting the hair. 
The condition is analogous to that of biting 
the finger nails. Butterworth further states, 
“In seventy-five percent of the collected 
cases, the patients were known to have 
acquired the habit during childhood.” 

The mentality of the patients is normal, 
since demented patients usually eat more 
solid substances, such as nails (Butter 
worth; Matas). Maes, however, believes 
that there is a psychic factor as in a case 
which had a trichobezoar removed, the pa- 
tient began eating hair during convales- 
cence, and he and LeWald?® each cite a case 
in which during a period of years the pa 


* From the Department of Roentgenology, State University of Iowa, Iowa City, Iowa. Presented before the University H 


Medical Society, January 19, 1932. 
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tient was operated on five times and a 
trichobezoar removed each time. 

The hair making up the trichobezoar is 
usually the patient’s own hair, although 
Matas cites the case of a woman, a brush- 
maker, who ate the bristles used in making 
the brushes. 


DIAGNOSIS 


The diagnosis of trichobezoar is usually 
made by the roentgen ray. As Balfour and 
(good remark, “With a barium meal, the 
stream divides or pours over an object in 
the antral part of the stomach. The shadow 
of the object looks like an empty space or 
an air bubble” (see lig. 1). This same view 
is held by Maes® and Porter,> while Koh- 
ler’ adds, ‘“‘In screening, during the taking 
of the contrast meal, one can see how, on 
entering the stomach, the barium appears 
to divide at once into two parts, which flow 
together again below.” 

The six-hour film 1s of special importance 


see 2), as Holmes and Ruggles’ state, 


Kic. 2. Posteroanterior view six hours after the 
barium meal with patient in the horizontal posi- 
tion. Although stomach is empty, the mass is still 


outlined by adherent flecks of barium. 


Triche yar 


Hic. 3. Photograph of trichobezoar. 


“The barium mixture adheres to them 
(hair-balls|, thus outlining their structure, 
and they are visible for some time after the 
meal has left the stomach.”’ 


CASE REPORT 


J. L., male, white, aged twenty, admitted to 
the surgical service of University Hospital 
December 21, 1931. Family and past history 
not essential. Present symptoms date from 
about June, 1929, at which time patient was 
thrown from a horse and horse was supposed to 
have stepped on patient. Symptoms consist 
of a dull pain in epigastrium, not related to 
meals, and a mass in the epigastrium. Patient 
was often nauseated but did not vomit. 

Physical examination revealed a non-tender 
mass in the epigastrium. Mass was firm and 
moved with respiration, and on standing the 
mass would move 8 cm. to the left and down- 
wards. Mass was about 10 cm. long and 6 cm. 
wide (see ig. 

Blood examination, including the Wasser- 
mann, was negative. Gastric analysis showed 
a rather low acidity but this can be explained 
by the fact that the duodenal tube merely 
rested on the mass (Fig. 1) and never reached 
the pars media. 
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Differential Diagnosis. A retroperitoneal hem- 
atoma, a pancreatic cyst, a tuberculous peri- 
tonitis with a rolled up omentum being the 
mass, malignant lymphoma of the stomach, 
and a foreign body in the stomach were con- 
sidered in the diagnosis. The patient showed 
no evidence of tuberculosis in the chest and 
had no anemia. With a malignancy of the size 
the mass appeared to be, we should expect 
more or less cachexia. The patient was well 
nourished. We were confident, from our roent- 
genoscopic examination, that the mass was in 
the stomach. Thus extragastric conditions could 
be excluded. The patient was asked if he had 
eaten persimmons lately, but he stated that 
he did not know what persimmons were. How- 
ever, a roentgenologic diagnosis of phytobezoar 
was made. 

Patient was operated on December 26, 1931, 
by Dr. H. L. Beye, with a preoperative diag- 
nosis of a new growth of the stomach, possibly 
malignant, and a trichobezoar was removed 
which weighed one pound (see Fig. 3). At opera- 
tion the gastric mucosa appeared hypertrophied. 
Microscopic examination of the section of gas- 
tric mucosa merely showed chronic inflamma- 
tion. 

Patient made an uneventful recovery and a 
gastric examination at time of discharge showed 
the stormnach to be about normal in size. 
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Psychiatric examination was negative. Pa 
tient had normal mentality. 
DISCUSSION 
The unusual features of this case were 
that the patient was a male, and only two 
previous cases have been reported in males 
(Maes). Also this trichobezoar looked like 
horse’s hair, being very black. The pa- 
tient’s hair was light in color. However 
Matas says, “When dry, the hair-ball gave 
the appearance of the fur of a wild animal.”’ 
This patient firmly denied having eaten 
hair, which is not in accord with the report of 
Butterworth, who stated that if accused, 
the patient usually admitted the practice. 
The hypertrophy of the gastric mucosa has 
been noted also by Matas. 


SUMMARY 


1. Trichobezoars can be diagnosed roent 
genologically as they give a characteris 
tic appearance, especially after six hours, 
following the administration of barium 
mixture by mouth (see lig. 2). 

2. This case is of interest as nearly all 
cases of trichobezoar previously reported 
have been in the female sex. 
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CHRONIC RADIUM POISONING IN RATS* 


By HORACE. FE. THOMAS and FRANK H. BRUNER 


COLUMBIA, MISSOURI 
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I. INTRODUCTION AND LITERATURI 


a many years the soluble salts of ra 
dioactive substances have been used 
Internally in the treatment of certain dis 


eases. These salts have been most tre 


quently administered through injection of 


the salts in physiological saline solution or 
by mouth in drinking water. Less often, 
inhalation of air containing radioactive 
gases has been used. 

\ large number of authors have reported 
remarkable improvement in a wide variety 
of diseases. 

Newcomet (1914) reported that radium 
taken in drinking water lessened the glyco- 
suria in diabetes mellitus and that it was 
valuable in the treatment of primary and 
secondary anemias, leucemias, and various 
types of arthritis. 


Delano (1g1s5) reported some work of 


Cameron and Proescher in which they had 


* From the Departments of Anatomy and Chemistry, l 


niver 


given 1,800 injections of radium salts over 
a period of two years without observing 
any harmful effects. Quantities up to one 
milligram had been given to some patients. 
He concluded that the emanations of ra- 
dium were a tonic and a stimulant, increas- 
ing the number of red blood cells and hemo- 
globin in the blood and improving or curing 
pernicious anemia. Several authors have re- 
ported radium valuable in the relief of pain 
in arthritis and other conditions (Mortarta, 
1g18; Sterns, 1920; Mittenzwey, 1921). 

It apparently never occurred to these 
workers that some of the radium might re- 
main fixed in the body for many years and 
cause serious damage later. In fact, it 
was not until 1924 that a dentist (Blum) 
who was treating some of the luminous 
watch dial painters, suspected radium as 
the cause of an occupational disease. This 
discovery led to investigations which soon 
established radium within the body as de- 
finitely injurious. 

Nine girls who had previously been lumi- 
nous watch dial painters died from 1922 to 
i924 (Martland, 1929). One of the bodies 
was exhumed five years later and found to 
be radioactive. 

In the skeleton of one of the girls who 
died was found 150 micrograms of radio- 
active material. The largest amount of ac- 
tivity was in the bones, liver, and lungs. 

In a recent paper Martland (1931) re- 
ported the development, in several of the 
dial painters still living, of radiation oste- 
itis, osteogenic sarcomata, and anemias. 

The Bureau of Public Health reported 

May, 1931) an investigation of 242 em- 
ployees in seven watch and clock manufac- 
turing industries. Examination of the bones 
showed focal atrophy and focal sclerosis in 
1g per cent of the workers who had 
pointed brushes in their mouths (those em- 
ployed before 1926) and in 1.3 per cent of 
those employed since 1926 (when pointing 
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of brushes with lips was supposed to have 
ceased). The focal atrophy was more severe 
in those persons with more than one micro- 
gram of radium in their bodies. 

Interest in the rate of elimination of ra- 
dium has been considerable since the early 


1 


Kic. 1. Rat No. g (female control). Roentgenogram 
taken 166 days after the beginning of injections 
of radium in the experimental rats. 


days of the use of radium as an internal 
therapeutic agent. 

In 1915, Seil, Viol, and Gordon reported 
that during the first three or four days the 
elimination of radium taken by mouth was 
about twice as rapid as if given intrave- 
nously. In the former case 25 to 30 per cent 
of the radium remained after four or five 
days and in the latter case 55 to 60 per cent 
remained. After five days the elimination 
was at about the same rate in both cases. 
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After the tenth day less than 1 per cent per 
day was eliininated. 

Recently Barker and Schlundt (1930) 
made tests on patients who had_ been 
treated internally with radium for several 
years. The radium was estimated in these 
patients by adding the values obtained 
from measurement of the expired air for 
radon and from measurement of the body 
by the gamma-ray method. These investi- 
gators found that all patients who had 
ceased taking radium two years or more 
before the tests had completely eliminated 
it although one of these patients had been 
given 380 micrograms over a period of two 
years. Another patient gave a negative 
test seven months after cessation of a 
course of treatment in which 80 micro 
grams had been given intravenously. 

Schlundt (Schlundt and Failla, 1931), ex 
perimenting on himself, found that in the 
first four days he eliminated g1 per cent of 
a dose or radium bromide taken in drinking 
water and at another time he eliminated 
g8 per cent of the radium in five days. 

Schlundt and Failla (1931) determined 
the rate of excretion of radium from two 
girls who had become radioactive twelve 
years before. They found that one of the 
girls had 24 micrograms of radium element 
in her system and eliminated 1,161 micro- 
micrograms or 0.00§ per cent of the total 
per day. The other girl, whose total ac 
tivity was 14 micrograms, eliminated 363 
micromicrograms per day or 0.0026 per 
cent of the whole. 

It is thus seen that there is considerable 
variation in the excretory rates of ditferent 
individuals. At the present rate it will take 
the first girl about two and one-half years 
and the second about five years to eliminate 
one microgram of radium. 

There have been several attempts made 
to increase the rate of elimination of the 
radium which has become fixed in the 
bones. 

Collip produced a parathyroid extract 
which caused hypercalcemia in dogs (Col- 
lip, Clark, and Scott, 1925), and Hunter 
and Aub (1927) found that this extract also 
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increased the rate of elimination of lead and 
calcium from the bones. 

In 1926 Flinn (Flinn and Seidlin, 1929) 
used four injections of ammonium chloride 
and parathyroid extract on a radium poison- 
ing case and found that the stools increased 
in radioactivity. Of 3 patients treated for 
seven weeks with Collip’s parathyroid ex- 
tract, one showed a 45.6 per cent decrease 
in activity, another a $7.7 
crease, andathirda ¢ 


per cent de- 
.5 per cent decrease. 

This same author (Flinn, 1931) found 
that following the administration of vi- 
osterol to patients with radium poisoning 
there was a great increase in the activity of 
the expired air. An attempt is being made 
to increase the rate of radium elimination 
by alternating periods of treatment with 
parathyroid extract and viosterol. The 
former causes a rapid elimination of cal- 
cium and phosphorus from the bones, and 
the viosterol aids in the deposition of new 
calcium in the bones. 


Il. MATERIALS AND METHODS 


This experiment has been carried on with 
the view of producing a chronic radium 
poisoning by the action of small amounts 
of radium over a long period of time rather 
than an acute effect by the use of large 
doses of radium. 

Ten albino rats were chosen for the ex- 
perimental animals. Five of these were fe- 
males and were all litter mates. The other 
five were males and were all litter mates. 
When the rats were procured, the females 
were sixty-seven days old and the males 
sixty-five days old. One male and one fe- 
male were chosen at random to be used as 
controls and the other four of each group 
were used for injections. 

The rats were all placed on a good growth 
producing diet and kept on this diet 
throughout the rest of their lives. An ex- 
cess of food was kept before the rats at all 
times. Kach rat was kept in a separate cage. 
These were round cages with a bottom of 
wide meshed wire netting which allowed 
all excreta to pass through it. The cages 
were placed on large pieces of absorbent 
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paper which in turn lay on glass plates. All 
the solid excreta remained on top of the 
paper. The fluid was absorbed by the paper 
and practically all the residue from the urine 
remained in the paper after drying. This 
was proved by the fact that washings of the 
glass plates showed negligible amounts 


2 


ic. 2. Rat No. 1 
taken 19§ days after the beginning of injections in 
the experimental rats. 


(male control). Roentgenogram 


of radioactivity. At the desired inter- 
vals these papers were changed. Each 
paper, together with the excreta, was ig- 
nited at about 600°C., the residue placed 
in a small test tube (5 c.c. capacity), 
stoppered, sealed with paraffin and kept 
for later quantitative radium determina- 
tion. 

The rats were weighed as soon as pro- 
cured and at frequent intervals thereafter. 
Rats No. 1, 2, 3, and 4, were the experi- 
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mental females, and No. g the female con- 
trol. Nos. 5, 6, 7, and 8 were the experi- 
mental males, and No. to the male con- 
trol. The weights of the females ranged 
from 100 to 120 grams and those of the 
males from 154 to 173 grams. 

Two weeks after the animals were pro- 
cured, injections were begun. Each dose 
was contained in a sealed glass vial and con- 
sisted of 5 micrograms of radium chloride* 
in 2 c.c. of physiological saline solution. In- 
jections were given at irregular intervals, 
the total doses in the various rats ranging 
from 40 to 60 micrograms, and the elapsed 
time between the first and the last injec- 
tion ranging from 117 to Ig! days. All of 
the injections were made subcutaneously 
either in the lower part of the abdomen or 
in the medial part of the thigh. 


Taste I 
Deraits oF Rapium TREATMENT 
No. Amt. of — tstInj. ist Inj. Age at 
of Rat Radium — toLast to Death Death 
Ini. 
days days days 
I 40 126 187 267 
2 60 Ig! 258 338 
3 52 134 209 289 
4 5§ 134 2 280 
5 60 134 183 261 
6 52 34 1Q4 272 
7 40 347 186 264 
8 60 1gI 200 278 
10 — 382 


Table 1 shows the amount of radium in- 
jected into each rat, the elapsed time be- 
tween the first and last injection, the time 
from the first injection till the death of the 
rat, and the age of the rat at death. 

Blood counts were taken on rats No. | 
and 8. The first counts were taken before 
the first injections and others were taken 
at intervals throughout the rest of the lives 
of the rats. Counts were made on other rats 
at times when it was desired to determine 

* The standardized radium solutions for this work were fur- 


nished by the United States Radium Corporation, through its 
Vice-President, Howard H. Barker. 
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the degree of anemia or condition of the 
blood forming organs. In each case the 
blood count consisted of a total red cell 
count, a total white cell count, and a dif- 
ferential white cell count. The blood counts 
were taken primarily to keep a check on the 
degree of poisoning rather than to find the 
immediate effect of the radium injections 
on the blood picture. 

Roentgenograms were taken of some of 
the rats to determine the effect of the ra- 
dium on the bone density and structure. 

The rats were closely observed through- 
out the course of the experiment for any 
signs of abnormal changes in the condition 
of the body and the general activity, and 
for any lesions noticeable from the exterior. 

Attempts were made to mate some of the 
rats to determine whether or not they had 
become sterile. 

As soon as possible after a rat had died, 
the body was examined for gross changes, 
and various tissues were taken for histo- 
logical examination. 

Rat No. 5 was used entirely for determin- 
ing the radium content of various parts and 
of the whole body. 

Rat No. 1 died at full term of pregnancy. 
The fetuses were removed and the radium 
content of the mother and the fetuses were 
determined separately. 

In most of the other rats, the tissue not 
taken for histological study was used for 
radium content determination. In several 
cases various bones were radiographed by 
exposing photographic plates to the rays 
emitted from the radium in the bones. 


III. BLOOD CHANGES 


Since it was desired to follow only the 
general trend of the blood picture, counts 
were taken several days after the injections 
rather than closely following them. 

All the rats showed a progressively de- 
veloping anemia. The decrease in red cells 
was slow at first, but became more rapid 
before death. 

The normal blood picture for this group 
of rats was: red blood cells, 10,000,000 per 
cubic millimeter; white blood cells, 12, 
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to 18,000 per cubic millimeter; and lym- 
phocytes, 60 to 8o per cent. 

The blood. of rat No. 7 contained 
3,808,000 red blood cells and 4,608 white 
blood cells per cubic millimeter on the day 
before its death. 

The most striking picture of anemia was 
that of the blood of rat No. 2 in which the 
red cell count decreased from 6,280,000 to 
2,112,000 during the two weeks preceding 
its death. During the first week of this two- 
week period the white cell count decreased 
from 12,000 to 7,000, but on the day of 
death of this animal it had reached 18,800. 
This great rise was probably due to a severe 
infection as it was preceded by an increase 
in neutrophil percentage. 

The differential white counts showed a 
gradual increase in lymphocyte percentage, 


Kic. 4. Rat No. 8. Roentgenogram taken 195 days 
after the beginning of injections. Sixty micro- 
grams of radium chloride had been given. 


reading 96 and 98 per cent in two cases, fol- 
lowed by a slow fall. There was a great in- 
crease in lymphoblasts in the circulating 
blood paralleling the rise in lymphocyte 
percentage. Some of the lymphoblasts were 
binucleated. Hyperlobulated polymorpho- 
nuclear neutrophils and myelocytes were 
present in some cases. 

The blood cells themselves showed the 
changes of a secondary anemia. Polychro- 
matophilia, anisocytosis with microcytes, 
poikilocytosis, hypochromemia, and spheri- 
cal shaped red blood cells were constant 
findings. Macrocytes and normoblasts were 
found in a few cases. 


IV. WEIGHT CHANGES 
Kic. 3. Rat No. 5. Roentgenogram taken 166 days 


after the beginning of injections. Forty micro- rhe rats all grew rapidly and about 
grams of radium chloride had been given. doubled their weights during the first fifty 
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days of the experiment. Following this gain 
the injected rats all remained at a fairly 
constant weight for two or three months 
and then lost rapidly till at the time of their 
deaths they had returned to about their 
weights at the beginning of the experiment. 


5 


ic. 5. Rat No. 2. Roentgenogram taken 239 days 
after the beginning of injections. Sixty micro- 
grams of radium chloride had been given. 


The controls continued to gain long after 
the others had ceased and their weights re- 
mained at a high level till after all the other 
rats had died. 


V. GROSS PATHOLOGICAL CHANGES 
OBSERVED DURING LIFE 


Kor several weeks after the beginning of 
injections the rats showed no grossly visible 
abnormal changes. In time, however, the 
injected rats began to fail to gain weight as 
rapidly as the controls and later began to 
lose weight. They showed a loss of activity 
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and before death became very lethargic. 
Their fur lost its fine texture and they failed 
to keep themselves clean. The eyes became 
progressively paler. 

Pathological fractures due simply to 
muscle pull on the weakened bones occurred 
in at least three rats (Fig. 3). In two rats a 
femur was heard to snap during the struggle 
at the time of injection. The direct etiology 
of two other fractures (Figs. 3 and 4) is not 
known but the rats were never in a position 
in which they were subjected to trauma. 

A few days before its death, rat No. 6 
developed a motor disturbance in its hind 
legs. 


VI. BREEDING EXPERIMENTS 


Attempts were made to breed four of the 
injected rats. 

Rat No. 5 was placed with four normal 
female rats and left with them for three days. 
This rat died sixteen days later. No preg 
nancies occurred in any of the females. 

Rat No. 6 was placed with three females 
for two days and died two days after re 


moval. No pregnancies resulted in any of 


these females. 

Rat No. 1 was placed in a cage with a 
normal male for four days. Twenty-one 
days after being taken away from the male 
this rat died and at autopsy eight ap 
parently normal full term fetuses and one 
6 mm. fetus were found in the uterus. 

Rat No. 4 was placed with a male for 
four days. This rat died thirty-four days 
later and on opening the abdomen the 
uterus was found to contain seven or eight 
nodular swellings, each measuring about 6 
x8 mm. Histologically these nodules were 
composed of necrotic tissue. They represent 
fetuses which had partially developed, died, 
and were in the process of resorption at the 
time of the death of the rat. 


VII. BONE CHANGES AS SHOWN IN 
ROENTGENOGRAMS 


In each case an injected rat and a control 
rat were etherized together and placed side 
by side on the same roentgen film and at 
the same distance from the roentgen tube. 
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All of the injected rats showed approxi- 
mately the same bone changes except for 
considerable quantitative variations (Figs. 
tO 

The upper incisor teeth were more curved 
than normal and showed an increased den- 
sity. The lower incisors were shorter than 
normal and failed to meet the upper ones 
by several millimeters in most cases. The 
skulls showed areas of decreased density. 
All the large bones contained areas of in- 
creased density in those parts immediately 
adjacent to the joints. These changes were 
especially marked around the knee joint 
and at the ends of the vertebrae. There was 
a concentration of calcified kone around the 
crests of the ili and the ischial tuberosities 
in some cases. 

In three or four of the rats there were ir- 
regular nodular enlargements at the costo- 
chondral junctions (Fig. 5). The central 
portions of the vertebral bodies showed a 
very noticeable decalcification and the 
shafts of all the long bones showed a marked 
thinning of the compact bone. 

The skeletons of the injected rats were 
smaller than the control skeletons and there 
was a great decrease in the soft tissues. 


VIII. GROSS PATHOLOGICAL CONDITIONS 
OBSERVED POST MORTEM 


\ll the injected rats had extensive ab- 
scesses in the soft tissues around the man- 
dible but in only one case had drainage to 
the exterior been established. 

Rat No. 2 and the female control, No. 9, 
were killed at the same time and so a good 
comparison between the pathological and 
normal was possible. The liver, lungs, kid- 
neys,and spleen were of a very much lighter 
color in the injected rat. The spleen was 
about six times normal size. There were un- 
even nodular enlargements at all the costo- 
chondral junctions of rat No. 2 (Fig. §). 
These consisted of a soft, chalky or caseous 
material which allowed the ribs and costal 
cartilages to be pulled apart with very 
slight force. 

The uterine horns of rat No. 4 contained 
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seven or eight nodular enlargements, each 
measuring about 6X8 mm. 

The left lung of rat No. 6 contained a 
large amount of purulent exudate. There 
were subpleural petechial and ecchymotic 
hemorrhages in the lungs of several of the 
rats. 

In all the injected rats the bones were 
much more easily broken than in the con- 
trols. There was a thinning of the compact 
bone shown by the fact that the bone mar- 


Kic. 6. Section of the bone marrow of the shaft of 
the femur of rat No. 10 (120). This is. typical 
normal bone marrow as found in all parts of the 
skeletons of the controls. 


Fic. 7. Section of the bone marrow of rat No. 4 
(120). This is a typical picture of aplastic bone 
marrow as found to a greater or lesser degree in the 
vertebrae, sterna, mandibles, ilii, and in the ex- 
tremities of the long bones of all the injected rats. 

Fic. 8. Section of the shaft of the femur of rat No. 6 
(120). This is the typical hyperplastic marrow 
as found in the central two-thirds of the shafts of 
all the long bones of the injected rats. 
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row could be easily seen through the bones 
in many places. The dorsum of the skulls of 
the rats was cut through for removal of the 
brain. These were found to be much harder 
and thicker in the controls than in the in- 
jected rats. 


bd 
‘ 


lic. g. Section of the spleen of rat No. 10 (male 
control) X20. This ts a normal spleen and shows 
the Malpighian corpuscles very distinctly. 

Kic. 10. Section of the spleen of rat No. 6 ( x20). 
This is a typical picture of the spleens of all the 
injected rats. The Malpighian corpuscles are prac- 
tically indistinguishable and the whole section has 
a more homogeneous appearance than normal. 


IX. HISTOPATHOLOGY 


By far the most important histological 
changes were found in the hematopoietic 
organs, namely, the bone marrow, the 
spleen, and the lymph nodes. 

Bone Marrow. Stained sections made 
from the bones and bone marrow of the 
control rats showed the marrow spaces in 
all parts of the skeleton to be completely 
filled with marrow consisting of more or less 
solitary fat vacuoles surrounded by closely 
packed marrow cells. This arrangement of 
cells and vacuoles is shown in Figure 6 
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which is a section through the shaft of the 
femur of rat No. In this marrow red 
blood cells were very numerous and tended 
to rouleaux formation. The white cells 
order of their frequency of occurrence were 
polymorphonuclear neutrophils and eosino- 
phils, lymphocytes, neutrophilic and eosino- 
philic myelocytes, and megacaryocytes. 
In no part of the skeletons of the injected 
rats was this normal type of bone marrow 
found. However, all the injected rats 
showed the same type of marrow for any 
given part of the skeleton. In all cases, ap 
proximately the middle two-thirds of the 
shafts of the long bones contained a hyper 
plastic marrow in which the fat cells were 
completely replaced by the red marrow 
(ig. 7). Also in all cases, an aplastic mar 
row was found in the extremities of all the 
long bones, in the vertebrae, the mandibles, 
and the ili of the injected rats. In this 
aplastic marrow (lig. 8) the cells had be- 
come greatly diminished in number or com 
pletely destroyed or removed from the mar 
row space and in their place was a thicker 
than normal fibrous network. 
Intermediate stages between the aplastic 
and the hyperplastic marrow were found 
in the ends of the shafts of the long bones, 
and in the sternum of rat No. 4. In all the 
other sterna an aplastic type of marrow 
was present. In general, there was an in 
crease in the myelocytic and decrease in 
the polymorphonuclear cell percentage in 
this abnormal bone marrow. Megacaryo 
cytes were abundant in the hyperplastic 
marrow but very scarce in the aplastic 
marrow. Many of these cells were under 


going degenerative changes as pycnosis of 


the nuclei and disintegration of the cyto 
plasm. 
Spleen. The spleens of the injected rats 
varied considerably but these variations 
were quantitative rather than qualitative. 
In size, they varied from slightly smaller 
than normal to about six times the normal 
size. All the spleens of the injected rats 
showed a gross loss of Malpighian cor 
puscles and microscopically a great dimi- 
nution in the prominence of these struc 
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tures. The stained sections had a homo- 
geneous appearance as contrasted with the 
normal mottled appearance (Figs. 9 and 
10). Normal lymphocytes were decreased 
in number and were scattered more or less 
uniformly throughout the spleens instead 
of being concentrated around the arterioles. 
Many lymphocytes were being ingested 
and destroyed by endothelial leucocytes 
and many showed degenerative changes as 
pycnosis and marginal concentration of 
chromatin. Immature lymphocytes were 
present in greater numbers than normally. 

Cells normally found in the bone marrow 
but abnormal to the spleen were present in 
the spleens of a! the injected rats. These 
cells were neutrophilic and eosinophilic my- 
elocytes, and megacaryocytes, and were 
very numerous In some cases. 

In the spleen of rat No. 3, eight or ten 
megacaryocytes were seen in every high 
power field. There was an increased num- 
ber of endothelial leucocytes with ingested 
cells and blood pigment and in a few cases 
there was some fibrosis. In most cases red 
blood cells were present in very small num- 
bers. All the spleens of the injected rats 
contained many plasma cells. Large cells 
were noticeably increased in number, and 
cytoplasm rather than caryoplasm had be- 
come the dominant substance. 

Lymph Nodes. \.ymph nodes from dift- 
ferent rats or from different parts of the 
same rat varied considerably, but here 
again the variations were mostly quantita- 
tive. In all the nodes examined, there was 
a decrease in normal lymphocytes and an 
increase In immature lymphocytes. Plasma 
cells were numerous and endothelial leuco- 
cytes were increased in all cases. Myelo- 
cytes and megacaryocytes were present in 
varying numbers. In rat No. 4, a great 
many myelocytes were degenerating by the 
process of caryorrhexis and later pycnosis 
of the fragments of the broken up nuclei 
(lig. 11). This process was also seen, but to 


a much lesser degree, in the lymph nodes of 


other rats. 
Definite circumscribed germinal centers 


were absent. In many cases the whole 
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lymph node resembled a large germinal 
center. 

Submaxillary Glands. The mucous tu- 
bules of the submaxillary glands of three of 
the rats showed degenerative changes con- 


4 


Section of a lymph node of rat No. 4 
(1000). This picture shows the myelocytic cells 
degenerating by caryorrhexis and pycnosis of the 


11. 


fragments. Similar degenerating cells were seen in 
the bone marrow, spleen, and in the islands of 
myelocytic cells in the liver. 

lic. 12. Section of a testis of rat No. 7 (x S25). This 
shows the extensive degeneration of some of the 
tubules of the testis. 


sisting of pycnosis of nuclei, marginal con- 
centration of chromatin material, and a 
desquamation of the lining epithelium. 
Lungs. The lungs of all the rats contained 
areas of some type of lobular pneumonia, 
consisting of edema, hemorrhage, purulent 
exudate, or combinations of these. In two 
cases there was also a purulent bronchitis 
associated with a purulent exudate in the 
surrounding alveoli. Atelectasis and em- 
physema were present in some cases. 
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Liver. The most common change seen in 
this organ was a thinning of the trabeculae 
with the cells appearing compressed and 
staining darker and more homogeneously 
than normal. 


In two cases numerous small islands of 


white blood cells were found scattered 


throughout the liver substance. Most of 


these islands contained lymphocytes but 
some contained myelocytes. They were lo- 
cated in the trabeculae and around the in- 
terlobular vessels. 

Heart. \n several cases there was a de- 
generation of the myocardium but no signs 
of inflammation were found. In a few cases 
there was some fibrosis and in one case 
there was a slight diffuse lymphocytic in- 
filtration. 

Kidneys. The most marked changes in 
these organs occurred in the convoluted tu- 


bules and the thick segments of the loops of 


Henle. These changes consisted of pycnosis 


of nuclei, disintegration of the cytoplasm of 


the lining epithelium, desquamation of epi- 
thelium, and in some cases a complete loss 
of all elements except the supporting net- 
work.’Casts were present in some cases, and 
in all cases there were numerous small areas 
of calcification scattered throughout the 
whole kidney. 

Suprarenal Glands. These glands from 
several of the rats contained many pycnotic 
nuclei in all the layers of the cortex and in 
the medulla. These were most prominent in 
the latter location where other signs of cel- 
lular degeneration were also noticed. 

Thyroids and Parathyroids. \n_ these 
glands of rats No. 2 and 3, which were the 
only ones examined histologically, no ab- 
normalities were noticed. 

Pancreas. pathological conditions 
were noticeable either in the acini or in the 
islands of Langerhans. 

Ovaries, Uterine Tubes, and Uterus. \n 
the ovaries of all the rats there were some 
apparently normal follicles and corpora de- 
veloping. 

The ovaries of rat No. 4 contained large 
areas of necrotic tissue with many poly- 
morphonuclear neutrophils surrounding 
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them. The small portions of the uterine 
tubes adjacent to the ovaries were filled 
with a purulent exudate. The uterus of this 
same rat contained about eight nodular 


swellings each, measuring about 6X8 mm. 


microscopically, these masses consisting of 


tissue in a state of coagulation necrosis. 
They represent embryos being destroyed in 
utero. 

Testes. A portion of a testis of rat No. 7 
contained tubules in which there was nearly 
a complete absence of all germinal cells 
(Fig. 12). This was the most marked change 
found in any of the testes, but all of them 
showed some signs of degeneration of tu- 
bules and faulty sperm formation. All testes 
were still forming many apparently normal 
spermatozoa, however. 

Bone. \n the sternum of rat Mai 4 there 
was a thick wall of fibrous tissue between 
the bone and the marrow. The periosteum 
was also greatly thickened. 

In rat No. 6 the central area of the ster- 
num had undergone complete necrosis and 
had been replaced by granulation tissue. 
Around this area there were masses of cari- 
ous tissue and small islands of normal bone. 
Strands of fibrous tissue extended from the 
periosteum to the central granulation tis- 
sue and were growing in and replacing the 
necrotic tissue (Fig. 13). 

The costochondral junction enlarge- 
ments as seen in several of the rats con- 
sisted of a greatly thickened periosteum 
surrounding masses of necrotic tissue and 
carious bone, usually with some normal 
bone at the center (Fig. 14). 

In many of the bones the trabecular net- 
work had been destroyed to some extent or 


had failed to develop normally. In most of 


the spaces where bone marrow had been 
destroyed there had also been an ingrowth 
of fibrous tissue. 


X. THE RETENTION OF RADIUM 
Since the discovery of radium poisoning, 
special interest has been centered upon the 


amounts of radium which become fixed in 
the bones and then follow an elimination 


process in the animal system similar to cal- 
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cium of which radium is a periodic homo- 
logue. Barker (1929), in discussing his re- 
sults obtained from the analysis of post- 
mortem specimens of bones and_ tissues 
from the body of one of the victims of ra- 
dium poisoning contracted from the expo- 
sure to radioactive dust and emanations 
over a period of nearly ten years, mentions 
the possibility of the radium in an animal 
system following a course similar to that of 
calcium. 

The eight experimental animals after 
their deaths were prepared for analysis by 
calcining the samples at a temperature of 
about 600°C., in an electric furnace of the 
muffle type, until nearly all the carbonace 
ous matter was burned off. The whole 
samples of ash were ground and intimately 
mixed so that the radium was uniformly 
distributed in the entire sample. The ra- 
dium was determined in small portions of 
the composite by one or two of the stand- 
ard methods (Schlundt, 1914, and Barker, 
ig18). In most of the determinations the 
analytical portions of the sample were first 
completely de-emanated by fusion with 
potassium bisulphate, or solution in nitric 
acid. After the lapse of a week or two the 
emanation which had accumulated in the 
sealed sample was separated quantitatively, 
collected, and transferred to the 1onization 
chamber of a calibrated electroscope. rom 
the observed increase in the drift of the 
charged leaf of the electroscope the small 
amount of radium present in the sample 
was then computed, and finally used to 
compute the total quantity of radium in 
the rat. 

In measuring these small quantities of 
radium, special care was taken to avoid 
serious errors. One of the serious sources of 


error is the assumption that the portion of 


the sample taken for analysis 1s a fair ap- 
praisement of the entire sample. No result 
was considered reliable until duplicate or 
triplicate determinations checked. Blank 
tests of all reagents used were made, and 
large samples of bones from normal rats 
were tested for radium. These precaution- 
ary determinations gave values. slightly 
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above the natural drift of the charged 
leaf system, and when calculated gave val- 
ues between and grams of ra- 
dium in the large blank samples. These 
small corrections stand far below the ra- 
dium content of the specimens analyzed. 

Table 11 shows the results obtained on 
the eight experimental rats used. Values for 
retention percentage, found by dividing the 
quantity of radium retained by the quantity 
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ig. 13. Section of the sternum of rat No. 6 (X120). 
This photomicrograph shows the former marrow 
space filled with granulation tissue. Fibrous tissue 
is seen growing into the peripheral part of areas 
of necrotic tissue and carious bone. There are 
small islands of histologically normal bone com- 
pletely surrounded by fibrous tissue. 

Fic. 14. Section of a costochondral junction enlarge- 
ment of rat No. 2 (120). In this, caries of the 
base of the rib is seen progressing inward from the 
periphery. In the central part the bone is normal 
but just external to this normal bone is a rim of 
carious bone and still more peripherally is a thick 
mass of necrotic tissue with fibrous tissue growing 
into it from a greatly thickened periosteum. 
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injected, ranged from 15 per cent to 31 per 
cent; the average for the seven rats was 
24.6 per cent. The usual length of life after 
the finalinjection was from sixty to seventy- 
five days, with slight dependence upon the 


and Frank H. Bruner May, 1933 
been injected with 40 micrograms of ra- 
dium, was bred by a normal male. No sub- 
sequent injections were made, but unfor- 
tunately this animal died with the fetuses 
at full term. However, the fetuses were re- 
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RADIUM RET: 


Life Period 


Rat No. Period of After Final 
Injection 

| njiection 
1 | 126 days 61 days 
2 191 days 67> days 
3 134 days days 
4 134 days 66 days 
5 134 days 49 days 
6 134 days 6o days 
7 117 days 6g days 
8 1gt days g days 


length of time over which the injections 
were made, or upon the amount of radium 
injected. The first four rats were females and 
the latter four were males; the results fail 
to show any correlation between the sex of 
the rat and the retention percentage. 

Not only was the retention percentage 
found for the full grown rats, but also in 
one instance the quantity of radium to be 
found in the fetuses of a radioactive female 
was determined. Rat No. 1, after having 


Taste III 
RADIUM RETENTION OF FETUSES OF A RADIOACTIVE 
FEMALE 


Concentration, Weight | Radium 
gm.Ra gm. of Re- 
gm.| Sample, tained 

grams <10-°gm 


Rat No. 1 


106.21 11.6708 1239.6 
Litter (eight fetuses) 3.80 | 0.5001 1 .YyO3 
Per fetus 234 
Radium in litter 
Radium in mother 
Radium per fetus 
Radium in mother 
Conc. Ra in ash of fetuses ; 
3. 58°; 


Conc. Ra in ash of parent 


AINED AT DEATH 


Post-Mortem Analysis 


Radium Radium R ; 
. . etention 
Injected Retained “ig 
micrograms micrograms 
4 12.4 
11.6 22.2 
8.6 
1¢ 
c 
a 30.5 
fy 18.6 


moved post mortem and subjected to simi- 
lar treatment as the rest of the experimental 
rats. The results obtained from this experi- 
ment are shown in Table 111. These results 
establish that the fetus of the radioactive 
female does receive radium from the parent. 
The relatively small concentration of ra- 
dium in the ash of the fetus compared with 
that of the parent seems to point to the 
fact that there is but slight metabolism 
from the bone of the parent to the fetus. 


XI. THE DISTRIBUTION OF THE 
FIXED RADIUM 


In order to determine the location and 
distribution of the radium in the system, 
two of the experimental animals, rats No. 
3 and s, were dissected and the various or- 
gans removed. The skeleton was also di- 
vided into sections to find out whether or 
not the bones from one part of the body had 
more radium than those from another part. 
The remainder of the soft tissue was termed 
the residue. The organs were not calcined, 
but instead, dehydrated in a vacuum desic- 
cator. All the samples were subjected to 
similar treatment as the other samples 
mentioned previously. Rat No. 3, injected 
with so micrograms of radium over a pe- 
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riod of 134 days, died seventy-five days 
after the final injection. Rat No. 5, in- 
jected with 60 micrograms of radium over 
a period of 134 days, died forty-nine days 
after the final injection. 
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In both rats No. 3 and 5, the bones from 
the different sections of the bodies vary 
slightly in radium composition per gram. 
The mandible in both rats showed a lower 
composition, and proportionately lower in 


TaBLe IV 


RADIUM CONTENT OF 


Quantity of 
Portion Radium /gram 


x | ‘om. 


Rat No. 3 
Skull and vertebrae 
Mandibles 
Kore quarters 
Hind quarters 18 
Residue 
Tota! 


Rat No. 5 
Intestines 
Spleen 
Heart 2.204 
Submaxillary gland 
Lungs 
Testes 
Liver 
Brain 
Kidney 
Skull and vertebrae 17h 
Mandibles 
Kore quarters 36 
Hind quarters 178.8 
Residue 
Tota! 


The results of the analysis of these two 


rats are given in Table 1v. The weights of 


the samples of the organs are dry weight 
and the weights of the bone samples are 


calcined weight, therefore a comparison of 


weights between the two cannot be made. 
rom the data on rat No. 5, 1t can be seen 
that higher than 99 per cent of the radium 
in the system was contained in the bones. 
lor this reason the duplicate determination 
on rat No. 3 was only made upon the bone 
samples. The kidneys, lungs, heart, and 
intestines, follow the bones in activity in 
the order named. The other organs and soft 
tissue were slightly active but to a much 
smaller degree than the above mentioned 
samples. 


Weight of 


RATS NO. 3 AND § 


Total Weight Per Cent 


Sample of Radium of Total 

grams 1078 gm. Radium 

3.9484 618.02 
4407 42.95 3-7 
566 102.78 8.8 

1.3449 262.34 22.6 

1 .gOl3 132.94 11.6 

1. sy 1.637 104 
1264 42 ).003 
2342 §23 ).034 
126 0.008 
3564 O79 
4249 639g 0.041 

§2 004 
756g 4] 0.027 
4258 2.216 .144 

4 33 45 6 
S216 sg.d 3-9 

774 313.49 20.1 

2.5726 460.16 29.8 
6g >.1 

1§44.6067 


each animal. The relative higher concen- 
tration of radium in the bones of the hind 
quarters of rat No. 3 can be explained; these 
bones were calcined at higher temperature, 
goo°C. Therefore the ash was practically 
free from carbonaceous material and it 1s 
reasonable to believe that the sample was 
concentrated to a greater degree. Other- 
wise, if the bones from the different parts 
of the skeleton are compared the concentra- 
tion of radium is practically uniform, dif- 
fering only by 2 per cent. 

Since it was found that the bones con- 
tained practically all of the retained ra- 
dium, it was desirable to find if the distri- 
bution of the radium in each bone was uni- 
form. Photography is the superior method 
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in the demonstration of the exact anatomi- 
cal location of the radium. Although all the 
radioactive rays produce a photographic 
effect, in the ordinary ways of making ra- 
diographs the effect is produced by the 
beta and gamma rays and the alpha rays 
are completely stopped by the thin sheet 
of paper in which the plate is wrapped. 


Kic. 15. Photographs (at left) and radiographs (at 
right) of bones from control and experimental 
animals. The controls do not register on the radio- 
graphs. Radiographs are placed as mirrored im- 
ages of photographs. 


At the outset of the experimenting, the 
clean, air-dry bones were mounted on a bed 
of cotton contained in a light proof box and 
a sheet of mica was interposed between the 
film (Eastman’s “‘super-sensitive panchro- 
matic”’ films were used) and the bones so as 
to guard against anomalous impressions 
which are sometimes obtained by mere 
pressure. The results obtained by this 
method showed an increased blurring as 
the times of exposure increased and that 
in all cases irregular fogging was caused by 
radon which continually emanates from the 
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bone and diffuses through the cotton, de- 
positing the active disintegration products 
in the cotton near the bone. The emanating 
power of the air-dry bones was found experi- 
mentally to be 35 per cent of the radon that 
was in equilibrium with the radium in the 
bone. 

To overcome this fogging caused by the 
diffusion of the radon a method similar to 
the ingenious method used by Lacassagne, 
1925, in his experimental work with polo- 
nium, was devised. The bones were dipped 
in hot paraffin which resulted in the forma- 
tion of a coating of paraffin over the whole 
bone. By this procedure the radon was oc- 
cluded within the bone as it was formed 
and forced to stay there to produce the ac- 
tive deposit at the place of formation. An 
additional coating of paraffin was added 
after the bones were mounted on the cotton 
prior to exposure of the film. The mica was 
discarded, and the film was placed directly 
over the bones. Duplicate bones from 
normal rats were placed with the radioac 
tive bones in order to ascertain whether an 
impression would be caused by the pressure 
of the bone on the film. 

Clean, air-dry bones from rat No. 7, con- 
taining 0.88 micrograms of radium per gram 
of bone, were cut so that longitudinal sec- 
tions of the bones could be exposed to the 
film. In the case of the vertebrae a cross- 
section was also cut and this appears along 
side of the longitudinal section of those 
bones; the fibula was cut into cross-sections 
at various intervals along its length and 


these sections appear along the bottom of 


the photograph. Figure 1§ shows a com 


parison between the actual photographs of 


the placement of the bones and the radio- 
graphs produced from a two weeks’ ex- 
posure. 

In all cases the paraffined specimens 
show a very much clearer image and a 
truer representation of the location of the 
radium in the bones. The paraffined speci- 
mens should be allowed to come to equi- 
librium after the dipping process because of 
the partial de-emanation of the bones in 
the hot parafin. It will be noted that bones 
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from normal rats similarly treated do not 
register on the plates. 


XII. THE ELIMINATION OF THE RADIUM 

Most of the recent investigation of simi- 
lar problems has been centered largely 
upon the elimination of radium from the 
animal system. E.xperiments performed to 
show the immediate elimination of radium 
after the reception have shown an ex- 
tremely high rate of elimination. However, 
when the radium is administered orally, the 
immediate elimination is found to be higher 
than that for radium injected intravenously 
or subcutaneously. 

The total excretion of each of the experi- 
mental rats was collected at varying inter- 
vals immediately after the start of the in 
ject yns. These series of collections from the 
various rats were calcined at a temperature 
of 600 C., at which temperature all of the 
volatile organic material was dissipated. 
These small samples of calcined excreta 
were stored in small test tubes and sealed. 
After equilibrium had been fully estab- 
lished tor all of the samples, gamma-ray 
determination of radium was made with 
the aid of a Wulf-Hess quartz fiber instru- 
ment (Hess, tg13 and Wulf, 1g09). The 
very low natural drift of the instrument 
combined with a very high sensitivity, 
made this instrument very responsive to 
the comparatively weak activity of some of 
the samples. All the gamma-ray determina- 
tions were done in a laboratory especially 
reserved for such measurements and far re- 
moved from the radium laboratories. 

Howey er, in order to check the accuracy 
of results obtained by this method with re- 
sults obtained by the emanation method 
which was used for the analysis of the rats 
themselves, eight samples from the eighty- 
two were chosen at random and their ra- 
dium content was determined. The values 
obtained by the gamma-ray method of com- 
parison checked within 2 per cent with 
values obtained by the emanation method. 
Hence, an accurate comparison can be 
made between excretion and retention of 
radium by the rats. 
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The results of these measurements 
showed a rapid elimination, approximately 
35 per cent, for the first day following an 
injection, and a lessening for the remainder 
of the week, giving a value of $0 to §5 per 
cent elimination for the week after the in- 
jection. There was always a slightly higher 
percentage of elimination after each sub- 


GRAPH I | 
Composite Elimination Curves: TheFirst Four 
(njyections for Rats 4 and 5. 
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- one week) 
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sequent injection, explained by the fact 
that there is continually being retained in 
the animal system an amount of radium 
that has found its way into the bones and 
tissue, which is eliminated at a much slower 
rate than the radium that is merely being 
removed from the system without becoming 
partially fixed. 

This process of fixation of radium in the 
rats can best be shown by plotting curves 
for the elimination values of rats No. 4 and 
s, for which more complete sets of data 
were obtained. Graph 1 shows these two 
sets of curves; since the excreta were taken 
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in weekly samples for the first two injec- 
tions the curves for the elimination were 
assumed to take the general aspect of curves 
for the eliminations in other cases. The ver- 
tical lines represent the injections and the 
heavy curved lines show the quantity of 
radium retained in the system. The elimi- 
nations were measured for each rat for one 
week after each injection, and then the 
next injection took the curve § micro- 
grams higher. The curves drop off very 
rapidly for the first day or two and gradu- 
ally come to an approximately straight line 
of slight slope. 

The dotted lines, drawn so that they 
show approximately the general trend of 
the retention values, show that the radium 
is accumulating in the system of the ani- 
mal. However, a study of the percentages 
of retention at the end points of the indi- 
vidual weekly elimination curves shows 
that there is a slightly lower percentage of 
the total injected radium retained for the 
fourth injection than for the former ones. 
The conclusion from such results is that the 
excreta, after the first elimination, are 
made up of the abnormal elimination due 
to the excretion of radium that is not re- 
tained as fixed radium and the normal 
elimination due to the excretion of a cer- 
tain small percentage of the radium that 
has previously become fixed. 

Not only has the immediate elimination 
of the radium in the animal system been 
studied but also the normal elimination of 
the fixed radium. A few attempts have been 
made to increase the rate of elimination; 
Flinn and Seidlin (1929) reported that par- 
athormone treatment, extending over pe- 
riods of two to five months, produced an 
elimination amounting to so per cent of the 
radioactive material which had been held 
fixed in the system for five years or longer. 
Schlundt and Failla (1931) working on two 
victims of radium poisoning, contracted 
some twelve years prior to the experiment, 
found the average daily elimination of ra- 
dium in the excreta for each. They divided 
this value by the total amount of radium in 
the patients and got values of 0.005 per 
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cent and 0.0026 per cent respectively. 
These percentages were termed the coeft- 
cient of daily elimination. 

We have computed elimination coefhi- 
cients for two of the experimental rats. 
Excreta from rats No. 2 and 3 were col- 
lected several weeks after the final injection 
of radium. For rat No. 2 four weekly col- 
lections were obtained before death, but 
for rat No. 3, only two weekly collections 
were obtained before death. Rat No. 3 did 
not die a natural death but died while being 
subjected to ether. These samples were 
ashed and the radium content determined 
by the emanation method, the activity be- 
ing too low for accurate gamma-ray com 
parison. 

The results for the analysis of the weekly 
excreta are given in Table v. The weekly 
elimination in the case of rat No. 2 was 
much less in the two weeks just prior to 


TaABLe V 
NORMAL ELIMINATION SEVERAL WEEKS AFTER THI 
FINAL INJECTIONS AND A FEW WEEKS PRIOR 


rO DEATH 


Rat No. 2 Total 
Radium 


kliminated 


<1 *gm., 


4th week betore death 
3rd week before death 

2nd week before death 

ist week before death 

‘Total for four weeks 28.62 
Average weekly elimination 1s 
Amount retained at death rrr.6 
Coefiicient of weekly elimination 42° 


Average weekly elimination tor only 

3rd and 4th week before death lo. 
Amount retained at death 
Coefficient of weekly elimination 


Rat No. 3 


2nd week before death 8.26 
ist week before death 6.11 
Total for two weeks 14 

Average weekly elimination is 
Amount retained at death 
Coeficient of weekly elimination 62°, 
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death which were also the periods when 
lessened activity and eating were noted. It 
seems that these values would not be accu- 
rate values to be used as normal elimina- 
tion. The weekly elimination when aver- 
aged and divided by the total amount of 
radium in the body at death gives as the 
coefficient of weekly elimination for rat No. 
2, 0.42 per cent and for rat No. 3, 0.62 per 
cent. 

If the last two weeks were neglected in 
the case of rat No. 2, for the above reason, 
and the third and fourth weeks’ excreta av- 
eraged and that value used in calculating 
the coefficient, the coefficient of weekly 
elimination for rat No. 2 would be 0.61 per 
cent which would check the value found 1n 
the case of rat No. 3. 

We attempted no experiments to in 
crease the normal rate of elimination in our 
experimental rats. 


XITI. DISCUSSION 


It is difficult to interpret the blood find- 
ings of these rats in the light of human 
blood pathology on account of the ditter- 
ences in numbers and proportions of the 
blood cells. The type of anemia produced 
in the injected rats might be compared in 
type with that produced by other chemical 
poisons such as lead, arsenic, benzol, etc. 
The decrease in red blood cells in rat No. 2 
to 2, y ) represents an extremely ane 
mic condition. The great rise in total white 
cells and neutrophil percentage in this rat 
just before its death shows that the body 
was still able to respond to a demand for 
these protectiy e cells. Whether the major 
ity of them came from the remaining hy 
perplastic marrow or from the other organs 
which had taken over the function of form 
ing granulocytes is not known. 
The extramedullary myelopoiesis seen in 
the spleen, lymph nodes, and to a lesser de 
gree in the liver, and the hyperplastic con 


dition of the marrow in the central parts of 


the shafts of the long bones represent an 
attempt to compensate for the aplastic 
condition of the rest of the marrow. The 
greater concentration of radium in the ends 
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of the bones accounts for the earlier de- 
struction of the marrow at these points. 

I._ymphocytes were destroyed in large 
numbers. The fixed lymphocytes in the 
spleen, lymph nodes, etc., were decreased 
much more proportionately than were the 
circulating lymphocytes. Many of the 
lymphocytes were converted into plasma 
cells which are a common reactive cell in 
certain chronic diseases. The increased 
number of lymphoblasts perhaps is indica- 
tive of a shorter life period of the lympho- 
cytes. 

The mucus-secreting cells of the sub- 
maxillary glands and the cells of the me- 
dulla of the suprarenal glands were more 
susceptible to injury than were the other 
cells of these glands. 

Pneumonias may have been the direct 
cause of death in some of the rats, but in 
most cases they seemed hardly extensive 
enough for this. 

The infection by pyogenic bacteria as 
found in the lungs of some of the rats and 
around the mandibles of all the rats is def- 
initely the result of the lowered resistance 
of the animals. 

The compressed, homogeneous-appear- 
ing cells of the liver, some of them with 
pycnotic nuclei, indicate a decreased secre- 
tory and storage function of this organ. 

The non-infammatory, degenerative 
changes in the heart muscle represent a 
toxic myocarditis or a myocardosis with 
the fibrous tissue replacement as the heal- 
ing process. 

The kidneys show the changes of an acute 
parenchymatous nephritis plus numer- 
ous areas of calcification. The location of 
the lesions in the convoluted tubules and 
thick segments of Henle’s loops definitely 
establishes toxins which have been passed 
into these tubules as the etiological agents. 

One would suspect that associated with 
the marked changes in the calcification of 
the skeleton there would be some changes 
in the parathyroid gland, but such was not 
found to be the case. 

The females were definitely not rendered 
sterile by the treatment but some condition 
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was induced which prevented normal gesta- 
tion. 

The males may or may not have become 
sterile. Large numbers of apparently nor- 
mal sperm were being formed but whether 
or not they were physiologically potent is 
not known. The degenerative changes that 
had occurred in the testis indicate that the 
male rats would have been sterilized had 
they lived long enough. 

Just why the histological changes in bone 
are most marked at the costochondral junc- 
tions and sterna is not known, but the 
sudden change from bone to cartilage may 
have something to do with it. 

The hyperplasia of the periosteum and 
endosteum at the above mentioned places 
may indicate an irritative condition or may 
be a compensatory reaction. The cause of 
the caries and necrosis of soft tissue in 
these regions of the skeleton is not clear, 
but is more than likely due to a localized 
relatively high concentration of radium. 
The fibrous tissue replacement and granu- 
lation tissue ingrowth is the normal process 
of healing where tissue has been destroyed 
and removed. 

Both ante-mortem and_ post-mortem 
findings show that there was a marked de- 
crease in calcified bone in the central part 
of the bones (which accounts for the patho- 
logical fractures), and an increase in calci- 
tied bone around the joints. This indicates 
some sort of disturbance in the osteoblast- 
osteoclast balance. Just why there is a 
greater than normal concentration of cal- 
cium around the joints and less than normal 
concentration in the central parts is not 
known. 

Schlundt and Failla have questioned the 
prevailing idea that the distribution of ra- 
dium in the bony skeleton is fairly uniform. 
The work of Flinn and Seidlin (1929) was 
based upon the assumption that calcium 
and radium are metabolized in the animal 
system in a similar manner. We hope that 
some of our experimental results will help 
to clear up some of these points. 

Calcium and radium are both members 
of the alkaline earth group of the periodic 
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system. Lehnerdt (1909) has shown that 
strontium, another homologue of — this 
group, can be substituted in the animal 
system for calcium. Radium in the animal 
system has a strong tendency to form salts, 
such as sulphates, phosphates, and carbon- 
ates. Lind, Underwood, and Whittemore 
(1918) found the solubility of radium sul- 
phate to be 2.1X10-* grams per cubic 
centimeter. A normal rat with a blood vol- 
ume of approximately 20 c.c. could dissolve 
only 4.210 7 grams of radium sulphate, 
which is less than one-seventeenth of each 
injection of radium. Hence, it follows that 
the injected radium chloride will be con- 
verted into the insoluble sulphate immedi 
ately, which then precipitates in the blood 
and eventually is deposited in the bone. 
This deduction remains to be established 
by experiment. We did not make radium 
determinations on the blood of the live 
rats; however, the highly vascular tissue at 
autopsy showed only slight radium con 
tent. 

By analysis of the parts of the animal 
system it was found that over 99 per cent 
of the radium in the entire body was con- 
tained in the bone ash. Since practically all 
of the calcium in the body 1s contained in 
the bone, which is maintained by the dep 
osition of calcium salts, a parallel between 
the paths of radium and calcium in the sys 
tem seems to be the logical explanation for 
this similarity of location. 

The bone ash of an albino rat generally 
has a calcium content of approximately 39 
per cent, which 1s rather uniformly distrib- 
uted in the bones of the skeleton. Since the 
radium analysis of the various bones, with 
the exception of the mandibles, also showed 
a uniformity in the distribution of radium 
in the bones of the skeleton, it is very likely 
that in an individual animal there is a defi 
nite ratio between the radium and calcium 
everywhere in its skeleton. After the ad- 
ministration of radium is stopped, this ratio 
slowly decreases due to the small quantity 
of radium that is being eliminated nor 
mally. Perhaps it is not too bold an assump 
tion to say that the rate of radium elimina- 
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tion serves as an index of the normal cal- 
cium turn-over in the bones. 

The concentration of radium in the man- 
dibles was found to be only 65 per cent of 
that in the ash of the other bones of the 
skeleton. The teeth from the mandible of a 
radioactive rat were analyzed separately 
from the remainder of the bony portion. 
The concentration of radium in the ash of 
the teeth was found to be only 27 per cent 
of the concentration found in the ash of the 
teeth-free portion. The concentration of ra- 
dium in the ash of the total mandible was 
consequently reduced to 70 per cent of the 
concentration in other parts of the skeleton. 
These results establish that the low con- 
centration of radium in the ash of the man- 
dibles is due to the relatively low concen- 
tration of radium in the ash of the teeth, 
which make up the majority of the weight 
of the total ash. 

The roentgenograms and the radiographs 
show similar concentrations respectively of 
calcium and radium at the knee joints and 
at the ends of the vertebrae. This close 
similarity further verifies the assumption 
that a definite radium-calcium ratio 1s es- 
tablished in an individual animal. 

The fetuses of the radioactive female 
were found to contain a small amount of 
radium. In the growth of the embryo, a 
transfusion of calcium and other salts takes 
place between the two systems. Since the 
concentration of the radium in the ash of 
the fetuses is only 3.6 per cent of that 
found in the ash of the parent, the salts 
used in the nutrition of the fetuses must 
have had a lower radium-calcium ratio 
than the bone ash of the parent. Therefore, 
since radium had not been administered to 
the parent after pregnancy, we may as- 
sume that the calcium in the fetuses in all 
probability was metabolized in the ratio of 
28 parts from the nurture of the parent to 
| part from the bone of the parent. 

Of the organs that were tested for ac- 
tivity, the kidneys and the intestines had 
a concentration of radium from two to ten 
times greater than the others. This result 
is not so surprising since metabolism of cal- 
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cium is one of the functions of these organs. 

If the inactive period just prior to the 
death of the animals is disregarded, the 
normal weekly elimination of radium, sev- 
eral weeks after the administration and a 
few weeks before death, was found to be 
0.62 and 0.61 per cent, respectively for the 
two rats where coefficients of elimination 
were measured. Schlundt and Failla (1931) 
found values of 0.035 and 0.017 per cent 
respectively for the normal weekly elimina- 
tion of two girls who had become radioac- 
tive twelve years before their normal 
radium elimination was determined. Seid- 
lin and Flinn (1929) produced a $0 per cent 
elimination of the fixed radium in several 
radioactive patients by parathormone treat- 
ment which extended over a two to five 
month period. Our value for the weekly 
elimination of radium by rats, which is ap- 
proximately twenty times greater than the 
value found by Schlundt and Failla in hu- 
mans, would require an amazing increase 
of over 400 per cent over the weekly elimt- 
nation to obtain a so per cent elimination 
in a five months’ period. In our experimen- 
tation, we did not attempt to produce an 
abnormal rate of elimination, but our re- 
sults on the normal rate of elimination of 
radium should help to form a basis for any 
future attack of this problem. 

The radium which is present in the bone 
disintegrates and expends much energy in 
the form of radiations. Ninety per cent of 
the energy set free resides in the swift alpha 
particle. This alpha particle is a helium nu- 
cleus, which is an anion containing four 
protons and two electrons in a compact 
mass. In spite of its comparatively great 
mass it has an initial velocity of from one- 
twentieth to about one-twelfth that of 
light. Because of its high kinetic energy it 
is capable of disrupting molecules, of pro- 
ducing ionization in gases, and of decom- 
posing liquids into their constituent ele- 
ments. These chemical changes are brought 
about by the collision of the alpha particle 
with atoms, which cause electrons to be 
ejected from their orbits and in rare in- 
stances cause the ejection of a proton from 
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the nucleus of the atom. Since the alpha 
particle is massive for a sub-atomic radi- 
ation of high speed, it is stopped in a rela- 
tively short distance in dense material, but 
only after the expenditure of its energy, 
which in the case of the alpha rays from 
radium C’ is 1.5 X10~° ergs per particle. 
The range over which this ionization by the 
alpha particle takes place in the tissue is 
approximately 0.1 mm. 

The alpha particle arising from the dis- 
integration of radium in the system is only 
one of four alpha rays produced in the sys- 
tem, three of which originate from the dis- 
integration of the decay products of short 
life, radon, radium A, and radium C’. The 
disintegration of radium itself occurs in the 
bone, but the radon that is produced by 
this disintegration, while it remains in part 
occluded in the bone, some of it emanates 
from the bone, enters the blood and thus 
circulates throughout the system continu- 
ally producing radium A and radium C’. 
Each transformation is accompanied by 
the emission of a destructive alpha particle. 
Therefore, the radon and its short-lived 
radioactive products in circulation give 
rise to powerful projectiles not entirely lo- 
calized in the bone but distributed in all 
parts of the body. We are assuming that 
the emanating power of the bone in the 
living rat has a value not differing materi- 
ally from that of 35 per cent found for the 
air-dry bone. 

A rat containing only 1§ micrograms of 
radium in its system absorbs over 2,000,000 
alpha particles per second. The 25 ergs of 
energy so produced exercises a disturbing 
physiological effect upon the system of the 
animal. The greater portion of these radi- 
ations is concentrated upon the marrow 
and the immediate tissue. Not only do the 
bone cells receive the disruptive effect of 
most of the alpha rays but they also receive 
the shock of the recoil atoms. The com- 
bined effect might cause the destruction of 
cellular matter, which would be carried 
away in solution, leaving the bone brittle 
and fragile. 


Since the blood cells are affected very 
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shortly after the radium has been injected, 
the radiations must immediately produce 
their physiological effect on the blood pro- 
toplasm. Some radium and some radon are 
in the blood as long as there is radium in 
the system, therefore the blood cells 
throughout the system are subject to con- 
tinual bombardment by alpha particles. 
The blood cell, consisting of several 
thousand protein molecules, is a colloidal 
micella in which the stability is maintained 
by polar linkage between the molecules. 
The usual diameter of a red blood cell is 
about 7 microns. The protein molecules in 
the micella are massed together in a par- 
ticle of which the outer layer is ionized. 
The stability of the micella in solution is 
maintained by a potential between this 
layer of ions and oppositely charged layer 
bathing the cell. This potential, known as 
the zeta potential, must be sufficiently high 
or coagulation will occur. The potential at 
which coagulation will just occur is known 
as the critical potential. The zeta potential 
depends upon the distance between the ion 


layers of the micella and the quantity of 


charge in each layer; the reduction of either 
of these will tend to decrease the zeta po- 
tential to the value for the critical potential 
where coagulation of the micella will be ef- 
fected. 

Since the penetrating rays from radium 
are known to coagulate certain suspensions 
and emulsions, it is plausible to assume 
that the relatively greater energy of the 
alpha particle is effective in coagulating 
colloidal particles such as blood corpuscles. 
The colloidal systems of erythrocytes are 
strongly electronegative which would allow 
coagulation to occur if the outer positive 
layer of ions were neutralized to an extent 
that the zeta potential was lowered to a 
value below the critical potential. The 
alpha particle in passing through the cell 
would cause electrons to be ejected from 
the interior of the cell to the outer positive 
layer which would cause a decrease of the 
zeta potential and cause the micella to co- 
agulate or be absorbed by another cell. 
Hence, the red cells would be more liable 
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to damage by radiations. This explanation 
of the extermination of the cell shows that 
more than one alpha particle would be nec- 
essary to produce effect enough to coagu- 
late a cell. 

The disruption of molecules in the cell 
could be brought about by the energy of 
the alpha radiation. The polar links that 
hold the molecules together are weaker 
than ordinary atomic linkages and can be 
broken apart with the expenditure of en- 
ergy in the magnitude of 10°*! ergs per 
molecule. The alpha particle with an initial 
kinetic energy of 1.2 X10 ° ergs has a maxi- 
mum possibility of producing in the neigh- 
borhood of 1o* such disruptions along its 
path through the material. Again the link- 
age between the carbon atoms of the pro- 
tein molecules have an energy content of 
the magnitude of 10 ' ergs per linkage, 
which could be disrupted at the rate of one 
million per alpha particle as a maximum 
possibility. It appears then that the disrup- 
tion of cells would be accomplished at an 
astounding rate, but it must be remem- 
bered that in practice it 1s probably a more 
complicated process than the one here out- 
lined. We regard it as an inviting field for 
further investigation. 


XIV. SUMMARY 


1. Kight albino rats, four males from one 
litter and four females from another litter, 
were injected subcutaneously with doses 
of radium chloride ranging from 40 to 60 
micrograms administered over periods of 
from 126 to Ig] days. The life periods of 
the rats following the first injections of ra- 
dium ranged from 183 to 258 days in the 
different rats. 

2. A typical secondary anemia occurred 
in the injected rats; the red blood cells in 
one going as low as 2,000,000 per cubic 
millimeter (10,000,000 1s normal). 

3. The injected rats gained weight more 
slowly than the controls and, before death, 
lost weight very rapidly. 

4. There was a decrease in calcification 
in the central portions of all the bones anda 
concentration of calcium salts in the parts 
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of the bones nearest the joints. This soften- 
ing of the central parts of the bones pre- 
disposed to several pathological fractures. 

s. There were abscesses in the soft tis- 
sue around the mandibles of all the injected 
rats. 

6. A hyperplastic bone marrow was pres- 
ent in the central two-thirds of the shafts 
of all the long bones. The extremities of the 
long bones and all the other bones con- 
tained an aplastic marrow. 

7. There was a great destruction of 
lymphocytes in the spleen and lymph nodes 
and an increase in lymphoblasts, plasma 
cells, and giant cells. Extramedullary my- 
elopo:esis was marked in the spleen and 
lymph nodes and to a lesser degree in the 
liver. 

8. The cells of the mucous tubules of the 
submaxillary gland and many cells in the 
suprarenal glands were degenerating. 

g. There was a non-inflammatory degen- 
eration of the myocardium and some fibro- 
sis in a few cases. The liver showed evidence 
of decreased functional ability. The kid- 
neys showed an acute parenchymatous 
nephritis with numerous areas of calcifica- 
tion. The tubules of the testes were in vart- 
ous stages of degeneration. 

10. Normal follicles were developing in 
all the ovaries. All thyroids, parathyroids 
and pancreases were histologically normal. 

11. In several cases there were uneven 
enlargements of the costochondral junc- 
tions. These consisted of carious bone being 
replaced by fibrous tissue from a highly 
hyperplastic periosteum. In one rat there 
was a similar condition in the sternum. 

12. Analyses of the post-mortem speci- 
mens of the rats definitely established that: 

(a) Over 99 per cent of the retained ra- 
dium was found in the bone ash. 

(6) The bones taken from different sec- 
tions of the body showed slight variation 
in concentration of radium, with the excep- 
tion of the mandibles, which had about 60 
per cent of the concentration of the other 
bones. 

(c) The organs dealing with calcium me- 
tabolism, the kidney and the intestines, 
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were found to contain higher concentration 
of radium than the remainder of the soft 
tissue. 

(7d) The concentration of radium in the 
fetuses of a radioactive female rat was 
shown to be only 3.6 per cent of the con- 
centration of the parent. 

13. A study of the radiographs, pro- 
duced by radium rays from the bones, 
showed the concentrations of radium at the 
knee joints and the ends of the vertebrae 
similar to the concentration of calcium at 
these places shown by the roentgenograms. 

14. The quantity of retained radium was 
determined for each rat giving an average 
retention of 24.6 per cent. Correlation of 
this quantity could not be established with 
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any of the following points: (a) the quan- 
tity of injected radium, (4) the life span 
after the start of the injections, and (c) the 
sex of the rat. 

15. The elimination of radium immedi- 
ately after the injections was determined. 
Approximately s0 to 65 per cent of the in- 
jected radium was eliminated one week 
after the first injection. The normal elimi- 
nation of radium was established for two 
of the animals to be 0.6 per cent per week. 

16. The type of rays that might have 
been effective in producing systemic changes 
in the animal has been discussed. We have 
also discussed a conjecture relative to the 
path of the radium in the system and the 
effect of the radiation on the tissue. 
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SKIN ERYTHEMA DOSE IN TERMS OF ROENTGENS 
IN SUPERFICIAL THERAPY* 


By GEORGE C. ANDREWS, M.D 


inches the adoption of the international 
J roentgen, r, little if any work on the re- 
lation of skin reactions to given quantities 
of roentgen radiation of the qualities gen- 
erally used in dermatological therapy, has 
been presented, in the United States, in 
terms of this new unit. The pioneer investt- 
gations of Meyer and Glasser, as well as 
the later work of Meyer and Braestrup, 
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were done prior to the adoption of the 1n- 
ternational roentgen. The measurements 
made by them were based upon the Ger- 
man R, as first employed in this country by 
Glasser. Unfortunately, this unit, as ap- 
plied here, appears to have been consider- 
ably smaller than the actual German R, 
thereby complicating present interpreta- 
tions of their work. 

The adoption of the international roent- 
gen having definitely established the phys- 
ical unit of roentgen-ray quantity, we un- 
dertook to inv estigate its biological signifi- 
cance in relation to the skin. By clinical 
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experiments upon the human skin we at- 
tempted to determine the number of roent- 
gens equivalent to an erythema dose, and 
whether this number was influenced by dif- 
ferent qualities of radiation. 


EXPERIMENTAL FACTORS 


The tests were carried out on 24 patients 
who were being treated for acne. Areas of 


FACTORS USED 


Layer 


healthy skin on the anterior surfaces of the 
thighs were exposed to various doses of 
from 350 to 550 r measured without back- 
scattering. Two sets of factors were em- 
ployed as given in Table 1, each represent- 
ing a type of radiation commonly used by 
us in the treatment of skin diseases. Grenz 
rays are not included. 

Set-up ./ produces the quality of radia- 
tion generally used in unfiltered roentgen 
therapy in dermatology. Set-up B gives the 
quality of radiation commonly employed 
for filtered superficial radiotherapy, 3 mm. 
of aluminum being used. 
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A series of preliminary tests was made 
with unfiltered radiation (ray quality 4), 
doses of 350, 400, 450, S00 and sso r being 
used. These tests indicated that 350 r usu- 
ally did not provoke a skin erythema, 
whereas an erythema was visible with sur- 
prising uniformity after 400 r, and that 
larger doses (450, 500, 550 r) caused intense 
reactions which were greater than we 
would expect from an erythema dose. The 
latter may be defined as the smallest 
amount of radiation that consistently and 
uniformly will produce a pale pink skin 
reaction (erythema) which generally ap- 
pears a few days after exposure and lasts 
for about two weeks, these characteristics 
being influenced by the quality of the ra- 
diation and by the type of skin of the pa- 
tient, the location and the size of the area 
treated, etc. 

Twenty fields were exposed to 400 r, 100 
kv. with unfiltered radiation being used in 
accordance with set-up ./ and an equal 
number of fields were irradiated, the same 
dose, 400 r, being given, but with set-up 2B, 

35 kv. being used with a filtration of 3 
mm. of-aluminum. Each patient was irra- 
diated with both roentgen-ray qualities, 
one on each thigh. The same equipment 
and tube were employed in both series of 
tests. A pulsating potential generator with 
mechanical rectification energized a thin- 
walled deep therapy Coolidge tube. The 
roentgen tube was completely enclosed in a 
lead-lined drum except for the aperture. 
An open cone in contact with the patient 
insured exact focal skin distance and uni- 
form size of field. Two milliammeters, one 
in the high tension circuit and the other at 
a ground potential, provided a continuous 
check on the tube current. 

The desired tube potential was estab- 
lished by spark gap measurements by the 
use of 15 cm. spheres. The corresponding 
primary voltage was noted and maintained 
during each irradiation. The radiation out- 
put was measured each time with a thimble 
chamber type Wulf ionometer calibrated in 
international roentgens at the United 
States Bureau of Standards. A further 


» 1933 


check on the accuracy of the instrument 
was obtained by comparing it with another 
large open-air type chamber which had 
been previously calibrated in international 
roentgens in Germany. A difference of less 
than 3 per cent was found between the two 
calibrations. The quality of radiation was 
established with the open-air type chamber 
and checked routinely with the Wulf in 
strument. The voltage sensitivity of both 
instruments was verified by means of ra 
dium controls. 

The greatest intensity variation between 
successive radiation measurements was 
found to be 4.8 per cent, indicating that 
any error due to changes In radiation out 
put was less than this figure. Furthermore, 
as any variation in intensity was in the 
same direction for both roentgen-ray qual 
ities, the relative error was even smaller. 
In any case the accuracy of the physical 
factors exceeded by a wide margin the pre 
cision possible in the observation and judg 
ing of the skin changes. 

The quality of radiation is indicated not 
only the voltage and filtration but also by 
the half-value layer in aluminum and cop 
per, as the first two factors alone, as is well 
known, do not accurately express the pene 
trability of the rays. In the past this has 
been primarily due to the variations in the 


voltage wave form of various types of 


equipment. At present, another factor, the 
filtration effect of the glass wall ot the 
roentgen tube, should receive consideration 
because of the introduction of the heavy 
pyrex glass roentgen tubes. The additional 
filtration of the glass wall of this new type 
of high voltage therapy tube is approxi 
mately equivalent to 1.s mm. of aluminum 
at 100 kv. 

The radiation quantity 1s indicated with 


out back-scattering, as all the routine 


measurements were made in air with avoid 


ance of secondary radiation. Tests made 


with the thimble chamber half immersed 
in water indicate that with a field of 7.<¢ 
cm. diameter the back-scattering was 7.‘ 
and 13.8 per cent of the primary intensity 
for the ray qualities ./, and B, respec 
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tively. The total dose received by the skin 
was therefore 400 X1.075 =430 r for ray 
quality .4 and 400 X1.138 =455 r for ray 
quality B. In other words, the skin actu- 
ally received greater physical dose for the 
higher roentgen-ray quality although the 
primary radiation quantity was the same 
in each case. 


RESULTS 


In all of the test areas exposed to 400 r 
with set-up .7 or set-up A, there resulted a 
faint erythema. This varied slightly in in- 
tensity, time of onset and duration, with 
different patients. The erythema was 
deeper with set-up ./ (unfiltered radiation) 
than with set-up B (through 3 mm. of 
aluminum filter) in 10 out of 20 cases; the 
two were of equal intensity in 4 cases, and 
the erythema with set-up .7 was less than 
that with set-up B in 6 cases. 


COMMEN'I 


The number of cases is too small to 
make a basis for general conclusions re- 
garding the effect of quality on the inten- 
sity of the skin reaction. The differences in 
the intensity of the ervthemas might be 
accounted for by individual variations in 
the skin sensitivity of the various patients. 
Howey i the figures tend to suggest the 
possibility that the longer wave lengths 
cause more intense skin reactions than the 
shorter wave lengths, the number of roent- 
gens being equal. This would be in con- 
formity with the observed erythemas of 
patients receiving regular roentgen therapy 
for dermatological lesions in private prac- 
tice and at the clinic. Similarly, the number 
of roentgens considered equivalent to an 
erythema dose in deep therapy is consid- 
erably higher (600-65 
superficial therapy. 

The question of the influence of quality 
upon the number of roentgens per erythema 
has caused wide differences of opinion. 
Contrary to Mever and Glasser, and others 
who found that the roentgens per erythema 
varied with the roentgen-ray quality, Hol- 
thusen, as well as Hess, found the same 


r) than applied in 
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skin reaction for a given dose over a wide 
range of roentgen wave lengths. A review 
of this question is particularly well pre- 
sented in an article by Glocker, Hayer and 
Jiingling. Using small fields, 1.5 &1.5 cm., 
and two roentgen-ray qualities (80 kv., 3 
mmm. fiber and 180 kv., 0.7 mm. copper), 
they found the softer radiation causing 
stronger skin reactions when small doses 
were given. However, using what they 
called full doses (7oo r), they found no 
consistent biological differences between 
the two types of radiation. 

It is interesting to compare the size of 
the fields used with the findings of the va- 
rious investigators of this subject. Meyer 
and Glasser used large fields and found 
wide differences in the roentgen per ery- 
thema according to wave length. Glocker 
used extremely small fields and reported no 
material biological differences between the 
soft and hard radiation as employed by 
him. 

With the use of medium-sized fields our 
results tend to show some effect of the 
wave length upon the erythema produced 
with equal doses of roentgens. This sug- 
gests that the size of the field has a bearing 
upon the question and that the differences 
in the skin reactions due to wave length 
increase with the size of the field. 

We were impressed by the uniformity of 
our clinical results from employing 400 r 
with set-ups .7 and B. Each of the erythe- 
mas that regularly appeared after these ex- 
posures was definite but very faint, with 
minor variations in intensity, as before 
mentioned. With smaller amounts of radi- 
ation (3sor), erythemas were not obtained, 
and with larger amounts (450, 500, 550 r) 
intense erythemas were regularly noted. 


CONCLUSIONS 


The results of our work tend to show: 

(1) The skin of various patients responds 
to equal physically measured doses of 
roentgen radiation with surprising uni- 
formity, the same roentgen-ray quality and 
the same experimental conditions being 
used. 
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(2) With medium-sized fields (7.5 cm. Saunders Co., Philadelphia, 1930, pp. 138-149. 
diameter) 400 roentgens measured in air * J 
le Dlologische irKung verschniedener 

are equivalent to an erythema dose, with 


h R6ntgenstrahlenqualitaten bei Dosierung in 
the two qualities of roentgen rays most R-Einheiten. Strahlentherapie, 1929, 32, 1-38. 


commonly employed in dermatological 3. Hess, P. Die Erythembreite von Réntgenstrahlen 
therapy. The skin reaction seems to be verschiedener Wellenlaingen. Strahlentherapic, 
slightly less intense for the shorter wave 19295 33s 
lengths (that is, filtered radiation) than for + 
physikalischer und biologischer Dosimetrie. 
the unfiltered rays of longer wave lengths. 
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THE ANALGESIC EFFECT OF ROENTGEN RAYS IN 
METASTASIS FROM CARCINOMA OF 


THE PROSTATE GLAND 


By EUGENE T. LEDDY, M.D., 
Section on Therapeutic Radiology, The Mayo Clini: 
and 
CESARE GIANTURCO, M.D., 


Fellow in Radiology, The Mayo Foundation, 


ROCHESTER, MINNESOTA 


N recent years roentgen rays have been 

employed in the treatment of carcinoma 
of the prostate gland, but, so far as regres- 
sion of the tumor is concerned, it is gen- 
erally agreed that the results are far from 
satisfactory. However, if one aims only at 
temporary relief of pain caused by the 
carcinoma, which sometimes makes the pa- 
tient’s last months of life unbearable, roent- 
gen treatment is often beneficial. The anal- 
gesic property of roentgen treatment in 
cases of carcinoma of the prostate gland 
assumes great Importance, since pain is the 
major complaint in more than 60 per cent 
of such cases. 

The deep situatio1 of the prostate gland 
and the anatomy of its lymphatic system 
well explain the development of pain; in 
fact, the nerves of the sacral and lumbar 
plexuses are so near the primary tumor or 
the metastatic nodes that compression and 
irritation may easily occur. 

Rouvicre (Fig. 1) stated that the lym- 
phatic vesselsof the prostate gland originate 
among the glandular acini; they then reach 
the periphery of the organ where they form 
a subcapsular plexus. our lymph vessels 
leave this plexus; one vessel goes toward 
the bladder and reaches the external iliac 
nodes; a second takes a posterior direction 
and ends in the hypogastric group; a third 
reaches the lateral sacral node, and a 
fourth descends to the floor of the pel is to 
terminate in the hypogastric group. 

The invasion of the nodes by carcinom- 
atous cells from the prostate gland occurs 
early and is practically constant. Dossot 
reported that in 36 of 38 cases of carcinoma 
of the prostate gland, involvement of the 


lymph nodes was as follows: abdominal, 86 
per cent; hypogastric, 55 per cent; iliac, 50 
per cent; external iliac, 44 per cent; pelvic, 
13 per cent, and inguinal, 1 per cent. The 


ic. 1. The lymphatic vessels of the prostate gland 
after Rouviére). 


compression of nerve trunks by enlarged 
lymph nodes ts not, however, the only cause 
of pain. Pain may also be caused by metas- 
tasis to bones. 

Until within recent years metastasis to 
bone in cases of carcinoma of the prostate 
gland was not frequently found at nec- 
ropsy, since small lesions confined to the 
marrow were often missed in routine ex- 
aminations of the skeleton. However, Kauf- 
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mann reported recently that he had ob- 
served involvement of bone in 16 of 22 
post-mortem examinations in cases of car- 
cinoma of the prostate gland. Roentgen- 
ography offers a more accurate and easier 
method of identification. In 1926 Bumpus, 


by this method, found that metastasis to 


TABLE 
ONE HUNDRED CASES OF CARCINOMA OF 
PROSTATE GLAND WITH METASTASIS 

TO BONE 


THE 


Involvement of the prostate gland (clinically) 


Left lobe. .......... 14 
Middle lobe or both... .. 75 
Site of metastasis to bone (by roentgen rays) 
Femur (upper). ¥ 
3 
Other sites of metastasis (clinically and by roent- 
gen rays) 
Abdominal nodes. ..... . 


Inguinal region......... 
Supraclavicular region... . 
Axilla. . 


Lungs. 


te te te 


the bones occurred in 30 per cent of his 
cases, and many other observers have noted 
similar percentages. Perhaps even high per- 
centages could be found if complete roent- 
genologic examination were made of the 
skeleton of all patients in the late stages of 
the disease. 

The bones most frequently involved by 
carcinoma of the prostate gland are the 
pelvis, the lower part of the spine, the 
upper part of the femur, the sternum, ribs 
and skull, the bones in which red marrow 
persists through life. This factor is sup- 
posed to be of great significance in de- 
termining the situation of metastatic le- 
sions from carcinoma in bone. 

Another definite cause of pain is the in- 
vasion of the perineural lymphatic vessels 
by the carcinomatous cells which as Fer- 
guson has noted, occurs in $2 per cent of 
cases. 

In order to observe the relationship be- 
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tween clinical symptoms and anatomic le- 
sions we reviewed the histories in 100 
cases, taken at random from the records of 
cases of carcinoma of the prostate gland 
and metastasis to bone (Table 1). 

Pain was present in 75 cases: in the right 
hip and leg in 14, in the left hip and leg in 
12, in both hips and legs in 26, in the back 
in 21, in the lower part of the abdomen in 7 
and in the thorax in 3. 

The histories did not contain reference 
to any constant relationship between the 
site and extent of involvement of bone and 
the presence and intensity of pain. In 3 
cases marked involvement of the pelvic 
bones of one side was disclosed by roent- 
genograms, although the pain was on the 
opposite side. In these cases the pain was 
probably due to carcinomatous enlarge- 
ment of lymph nodes which were invisible 
in the roentgenograms and too deeply 
seated to be discovered clinically, or to in- 
vasion of perineural lymphatics. In 25 
cases there was no pain, in spite of exten- 
sive metastasis. These observations sug- 
gest that pain does not always indicate in- 
volvement of bone. 

The favorable response of pain to roent- 
gen treatment is well known. Although the 
mechanism by which the analgesic effect is 
produced is not clearly understood, be- 
cause the subject is one which hardly lends 
itself to animal experimentation, there is no 
doubt clinically that irradiation produces 
such an effect on a great variety of lesions, 
both inflammatory and neoplastic. The 
effect is most easily explained by assuming 
a direct destructive action on cells which 
press on or irritate the nerves. The degree 
of response depends on the radiosensitivity 
of the infiltrating benign or malignant cells 
and on the involvement of the sensory 
nerves. 

In order to determine the analgesic effect 
of roentgen rays in cases of carcinoma of 
the prostate gland with metastasis to bone, 
40 cases treated in the Section on Ther- 
apeutic Radiology in the last few years 
were reviewed. This number of cases was 
selected for comparison with 40 cases of 


Vou. XXIX, No. § 
carcinoma of the breast with involvement 
of bone which had been previously studied 
from the point of view of the analgesic ac- 
tion of roentgen rays. 

All of the patients complained of severe 
pain of long duration in the back or along 
the sciatic nerves, and this was the main 
indication for treatment. The general con- 
dition of the patients was often so poor as 
to exclude such radical measures as cord- 
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otomy or ramisectomy. The roentgen 
treatment had to be given slowly, in order 
to avoid severe reaction. One field daily 
was usually well tolerated. The technique 
varied in different cases but was generally 
as tollows: Cross firing of the pelvis through 
four large fields (one anterior, one posterior 
and two opposite lateral fields) at high 
voltage;* cross firing of the spine through 
large fields at moderate voltage** on each 
side of it, the beams converging at an angle 
of about 45° (Fig. 2). Complete relief oc- 
curred cases (from one to seven 
months). There was marked but incom- 
plete relief in 21 cases, and no relief in 16. 
The relief lasted one month in 8 cases, two 


In 


months in 12 cases, six months in 3 cases, 
and one year in I case. 

Exceptionally relief from pain was ob- 
tained before the end of a course of treat- 


* High voltage: 200 kv., ¢ ma., fo cm. target skin distance, 
5mm. Cu+1 Al, ¢ 
Moderate voltage 12¢ kv Ma. 2 cm, tar 1 
tance, 6 mm. Al, 2¢ 


Analgesic Effect of Roentgen Rays 


ment, but usually it occurred from the 
tenth day to the second week. Our experi- 
ence seems to confirm the results obtained 
by others and tends to establish the fact 
that relief from pain does not always follow 
roentgen irradiation in cases of carcinoma 
of the prostate gland. In carcinoma of the 
breast, pain caused by metastasis to bones 
or to lymph nodes with pressure on or in- 
filtration of lumbar nerve roots is relieved 
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ase of pelvic and vertebral involvement. 


in a greater percentage of cases. Such a 
ditference seems to support the idea that 
the analgesic action of roentgen rays is 
secondary to the destruction of neoplastic 
cells, because it is generally accepted that 
carcinoma of the breast is usually more 
radiosensitive than carcinoma of the pros- 
tate gland. 

In spite of the fact that favorable results 
are obtained only in about half of the 
cases, roentgen treatment has a definite 
place in the treatment of pain from car- 
cinoma of the prostate gland; it offers a 
somewhat uncertain, but readily tolerated, 
method of giving some patients palliation 
which otherwise could be obtained only by 
increasing the dose of sedatives or by radi- 
cal operations on the nerves. 


SUMMARY 


A beneficial effect from roentgen treat- 
ment is obtained in about half the cases of 
pain from metastasis in cases of carcinoma 
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of the prostate gland. This is in accordance 
with the well-known radioresistance of this 
disease. 
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FRANCIS HAUKSBEE 
DID HE, IN 1709, SEE HIS HAND THROUGH 
SEALING-WAX AND PITCH? 
(With a repetition of the experiments) 
By A. W. CRANE, M.D. 


KALAMAZOO, MICHIGAN 


PPRANCIS HAUKSBEE: is: unquestion- 


ably the most noteworthy of the ear- 


ly pathfinders on the research trail of 


the x-ray. This trail was blazed by a long 
succession of discoveries and experiments 
beginning with amber, the lodestone, and 
the vacuum. The lodestone, or natural 
magnetic iron ore, made a profound impres- 
sion on medieval philosophers. It was this 
strange power to attract iron that drew 
their sterile attention to the analogous 
power of amber, when rubbed briskly, to 
attract chat, feathers, thread and, in fact, 
almost any light body. This apparently 
trivial effect of friction on amber was in 
fact known in prehistoric times but cen- 
turies had to pass and it was not until 
Dr. William Gilbert, physician to Queen 
Klizabeth composed his famous work “De 
Magnete”’ that scientific notice was given 
to this phenomenon. This is astonishingly 
recent considering human history; never- 
theless, another century had to pass before 
Hauksbee appeared on the scene. This was 
in 1705, only seventy years before Benja- 
min Franklin signed the American Declara- 
tion of Independence. 

Gilbert was the first to use the term 
“electrical,” from the Greek word for am- 
ber. He therewith designated the attractive 
force exhibited by amber and, as he demon- 
strated, by many other bodies when rubbed 
by the dry hand or cloth. The miniature 
sparks also resulting from friction were not 
regarded as electrical but as a manifesta- 
tion of fire which was believed to be inher- 
ent in all substances. It is hardly credible 
that this conception of electricity prey ailed 
until the middle of the eighteenth century. 
Yet s’Gravesande in his “Natural Phi 
losophy,” a work of astonishing excellence 
and the recognized authority of that time, 


still contained in 1747, the following defi- 
nition: 

“Electricity is that Property of Bodies by 
which when they are heated by Attrition they 
attract and repel light Bodies at sensible dis- 
tances.” 


* * * * * 


He continues: 


“T shall only mention a few Experiments, 
made about thirty years ago in England to 
make manifest the Connection between Elec- 
tricity and Fire, if these two ought really to be 
distinguished.” 


These quotations give the actual state of 
electrical knowledge when Hauksbee began 
his investigations. The ‘Experiments, 
made about thirty years ago in England”’ 
refer to his work. That this work was not 
better interpreted seems due as much to 
indifference as to the conservatism of au- 
thority. Hauksbee had made this definition 
of electricity obsolete and opened the way 
for further research. Yet so slow was elec- 
trical progress that a knowledge of con- 
ductors and a conception of a current did 
not come for some twenty years after his 
death when Stephen Gray, an old man ina 
charity home, the London Charterhouse, 
drew attention by his historic experiments. 

The particular interest of Hauksbee’s 
work to roentgenologists lies in the fact 
that he was the first knowingly to excite a 
vacuum by electricity. The story of it 1l- 
lustrates the winding, halting, uncertain 
trail, by which scientific research picks its 
way. Fifty years before, in Italy, Torricelli, 
pupil and secretary of Galileo, experi- 
mented to find if air had weight. He closed 
one end of a glass tube about 35 inches 
long, filled it with mercury, inverted it so 
as to submerge the open end in a cup of 
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more mercury, and the column in the tube 
sank to about 30 inches, leaving an empty 
space above. Thus Torricelli proved the 
pressure of the atmosphere and inciden- 
tally invented the barometer. While the 
barometer is one of the most valuable of 
scientific instruments, yet it was the empty 
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Kic. 1. Title page of s’Gravesande’s Natural Philos- 
ophy, 6th Edition, 1747, containing many of 
Hauksbee’s experiments and four of his illustra- 
tions. (From the John Crerar Library, Chicago. ) 


space above that was to prove the more 
important, because this constituted the 
first permanent vacuum. The indirection of 
research was never better illustrated. 

One night, thirty-four years later, Jean 
Picard, French priest and noted astrono- 
mer, carried a Torricellian barometer up- 
stairs and noticed a luminous glow in the 
vacuum when the mercury was agitated. 
Like a true scientist he reported this ob- 
servation. A fact once recorded can bide its 
time. Twenty more years passed, when 
Bernouilli, a professor of mathematics at 
Gréningen, came upon Picard’s notes on 


May, 1933 


the barometer, and experimented by shak 
ing mercury in vials with and without ex- 
hausting the air. He produced considerable 
light which he called ‘mercurial phos- 
phorus.”’ Public interest was aroused when 
Bernouilli, using a mechanical shaker, 
thought he had invented a substitute for 
candles. Picard little dreamed that his 
feeble barometric glow would do as much 
as his astronomical observations to  pre- 
serve his name. 

The news reached England, and Francis 
Hauksbee, a new curator of experiments to 
the Royal Society, began an investigation 
of the phenomenon. His first papers, pre- 
served in the Philosophical Transactions of 
the Society, deal with the explanation of 
“Mercurial Phosphorus.”” He proved that 
the glow or light was due to electricity re 
sulting from the friction of mercury on 
glass. 

These remarkable experiments would do 
credit to any modern research laboratory. 
To carry them out, Hauksbee invented a 
new type of air-pump, glass vacuum tubes 
and bell-jars, with stop-cocks, and mechan- 
ical devices for rotating his tubes. He ex 
perimented in many departments of phys- 
ics, but fortunately for the world his chief 
attention was given to frictional electricity. 

He was not the first, however, to experi 
ment with air-pumps and the vacuum. His 
illustrious countryman, Robert Boyle, one 
of the founders of the Royal Society, had 
made his great reputation largely by such 
experiments. Boyle copied freely from von 
Guericke, the famous Burgomaster of 
Magdeburg, who invented the first. air- 
pump and, independently of ‘Torricelli, 
though about five years later, discovered 
the vacuum. Von Guericke was in fact the 
first to form a vacuum intentionally, Vor 
ricelli’s vacuum being merely incidental to 
another demonstration. He was fired by the 
great theory of Copernicus and thought 
that air could not pervade all space, else 
planets would be slowed in their orbits by 
the resistance. He thereupon attempted to 
produce a sample of interstellar space in 
order to study it close at hand. He also in- 
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vented the first electrical machine—-a ro- 
tated ball of sulphur, excited by the friction 
of the hand. Sparks were produced. This 
was a discovery of the first rank. But von 
Guericke, under the dominion of a cosmic 
theory, was absorbed in the fact that the 
excited ball would attract and hold all sorts 
of light objects such as chaff, bits of paper, 
foil, feathers, and so forth, thus simulating 
the gravitation of the earth. Both von 
Guericke and Boyle experimented with the 
vacuum and with electricity, but neither 
brought these two together. This was the 
great distinction 
Hauksbee. 
Hauksbee not only excited his vacuum 
tube by friction on the outside but also by 
a small friction machine placed inside in- 
geniously, so that it could be rotated with- 
out destroying the vacuum. He thus initi- 
ated the study of vacuum tubes excited by 
an electrical machine and definitely opened 
the trail that led finally to the x-ray, radio, 
amplifying tubes, neon lighting, the rectifi- 
cation of alternating currents, and all the 
vast array of effects depending on the ac- 
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tion of electricity in vacuo. 

l‘ollowing Hauksbee were Gray, Du Fay, 
Abbé Nollet, Franklin, Faraday, Crookes, 
Hertz, Lenard, and then Roentgen. Many 
other names, important connecting figures, 
could be added which, with those men- 
tioned, are woven into this most fascinating 
story of scientific exploration and discov 
ery, of experiment, theory and prophecy 
that have materialized in an age of elec- 
tricity such as no imagination could have 
foreseen. 

In tg12, at the annual meeting of the 
American Roentgen Ray Society, in De- 
troit, Dr. Edward H. Skinner made a not- 
able exhibit of rare old books bearing upon 
the early development of electricity and 
the vacuum tube. Among these was a worn 
little volume whose title page read as fol- 
lows: 

“An Epitome of Electricity & Galvan- 
ism. By Two Gentlemen of Philadelphia. 
Printed by Jane Aitken, No. 71, Philadel- 
phia, 1809.” 


l‘rancis Hauksbee 
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Two paragraphs in the historical preface 
of this remarkable American book are of 
sufficient interest to roentgenologists to be 
quoted: 


‘““Mr. Hawksbee, in 1709, wrote a treatise on 
electricity, and distinguished himself by dis- 
coveries which far surpassed those of his pred- 
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Kic. 2. Title page of first American History of Elec- 
tricity. (By courtesy of Dr. Edward H. Skinner, 
Kansas City, Mo.) 


ecessors. Besides a variety of new facts in 
regard to attraction and repulsion, he observed 
the electric light distinctly, and made some 
delicate and curious experiments on its na- 
ture.” 

4 * * * 

‘“‘He made many experiments to show the ex- 
treme subtlety of the electric light, and found 
out a method of rendering opaque bodies trans- 
parent. He lined with sealing-wax more than 
half the inside of a glass globe, and having ex- 
hausted it, put it in motion. On applying his 
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Kic. 3. Title page of first edition of Hauksbee’s book, 
London, 1709. (From the Library of the University 
of Michigan.) 


hand to excite it, he saw the shape and figure of 
all parts of his hand distinctly and perfectly, 
on the concave superficies of the wax within. 
It was as if these had been pure glass, and no 
wax interposed between the glass and his hand. 
This lining was in many places the eighth of an 
inch thick; and in some places where it did not 
adhere so closely to the glass as in others, yet 
the light on these appeared just as on the rest. 
He repeated these experiments with pitch in- 
stead of sealing wax and with equal success. It 
is to be regretted that these experiments have 
not engaged more of the attention of philos- 


ophers.”’ 


That this account of Hauksbee’s work 
was copied from another author, even to 
the spelling of the name, ““Hawksbee,” was 
shown by reference to another valuable 
book in Dr. Skinner’s collection, namely, 
the first “‘History of Electricity’’ ever writ- 
ten, published in 1768, by Joseph Priestley, 
preacher, chemist, discoverer of oxygen, 
and one of the most voluminous writers of 
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any age. Priestley devotes considerable 
space to “Francis Hawksbee,” evaluates 
his work highly, and after relating his ex- 
periments whereby sealing-wax and pitch 
are “rendered transparent,” he adds: 
“They are really amazing and have not 
yet been pursued in the manner they de- 
serve.” 

‘“Physico-Mechanical Experiments,” by 
Hauksbee,” was published in 1709. 
This book is a compilation of his papers 
read before the Society and still preserved 
in its Philosophical Transactions. \t was 
dedicated to Lord John Somers, Lord 
Chancellor of England, and a man of great 
learning, who had served as President of 
the Royal Society preceding Sir Isaac New- 
ton. This dedication, while written in the 
fulsome, flattering style of the day, is 
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mildly assertive in reminding Lord John 
that this work has “been already read and 
approved before the Society”’ and therefore 
“may with the Addition of your Lordship’s 
Favour and Encouragement, hope to over- 
come all the Disadvantages of coming from 
the Hands of so underserving a Person.” 
The preface opens with the following: 
“The learned World is now almost generally 
convine’d, that instead of amusing themselves 
with Vain Hypotheses, which seem to differ 
little from Romances, there’s no other way of 
Improving Natural Philosophy, but by Demon- 
strations and Conclusions founded upon Ex- 
periments judiciously and accurately made.” 


The first sections of this book contain 
most of the electrical experiments with 
which Hauksbee’s name ts associated. Then 
follows a succession of experiments in other 
fields which distinguishes him as a true 
physicist. We find him interested in the 
ascent of various fluids in small tubes and 
between plane surfaces closely approxi- 
mated. He theorizes as to causes when 
there 1s no term like capillary attraction or 
surface tension yet to be substituted for an 
actual explanation. He is concerned with 
the weight of air, the freezing of water, the 
quantity of gas liberated by an explosion 
of gun powder, specific gravities and the re- 
fractive powers of fluids. A single page from 
his table of contents 1s given as an illustra- 
tion. He places a clock in a vacuum cham- 
ber and demonstrates the necessity of air 
for the propagation of sound. He investi- 

gates compressed as well as rarefied air and 
suggests the possibility of liquefying air by 
pressure which, in 1709, was a far look 
ahead. He says: 
Atmos- 
phe res of condens’d unelastic OM Pose 


‘hat Kind of liquid would Many 


* * * * 

“Ts at impossible that dir by this means should 
become a Visible Palpable Fluid; and be subject 
to some of the same 
Fluids are?” 


Vianagement that other 


Some of his findings would serve as sub- 
jects for post Ti aduate theses. lor eXé imple 
he finds “that a Purple Light was _ pro- 
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duc’d by the Attrition of Glass on Woolen 
(in Vacuo)”’ and that different lights are 
produced in various ways. But he finds 

“that Bodies which have yielded a particular 
Light, may be brought by Friction to yield no 
more of that Light.” 


“This is plain from the strange and surprising 
loss of Purple Colour, after two or three Trials 
made with the same Glass; for that Purple 
could not be recover’d by any Art or Means 
whatever.” 

* * * 
“Ounery. Whether the Loss of Purple Colour be 
owing to the Consumption or Retention of 
matter?” 


When a dispute arose between the 
I‘rench Academy of Science and the Royal 
Society of London regarding the refractive 
index of air in the use of telescopes, Hauks- 
bee was ordered by the Royal Society to 
make the instruments of precision whereby 
the final test was made. This he accom- 
plished in a highly satisfactory manner and 
tells it in an account that is slightly remi- 
niscent of Benevenuto Cellini. 


“The Royal Society (whose Glory it is to be 
as unwilling to deceive as to be deceived) being 
inform’d that this Experiment was call’d 
question by the French Academy, were de- 
sirous that it might be put past dispute, by re- 
peated and fully attested Trials. Accordingly, I 
was order’d to make an Instrument for the pur- 
pose, by the direction of Dr. Halley, R.S.S. 
and Professor of Geometry in Oxford.”’* 


It is evident that he was regarded as the 
most competent maker of scientific appa- 
ratus in the England of his day. 

I‘rancis Hauksbee lived in the grand age 
of English Science, the age of Newton. The 
Royal Society to which he devoted the con- 
cluding years of his life, had become the 
greatest of all promoters and conservers of 
new learning. The year of his first recorded 
experiment was also the year when Newton 
became life president of the Society and 
received knighthood at the hand of Queen 
Anne. In America, we had just emerged 
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from the Salem trials for witchcraft, and 
the Rev. Cotton Mather was still the recog- 
nized intellectual leader. We are compelled, 
however, to add that, about the time of 
Hauksbee’s death, Cotton Mather read a 
paper before the Royal Society and was 
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Fic. 5. Title page of second edition of Hauksbee’s 
book, London, 1719. This edition was translated 
into French and Italian. (Krom the Library of the 
University of Michigan.) 


elected a member, the first American thus 
distinguished. 

Hauksbee was elected an F.R.S. in 1705, 
which is the date of his first paper. Before 
this date, nothing is known of him. He 
emerges from utter obscurity with this first 
paper and disappears as utterly with his 
last, which was printed in the Transactions 
posthumously in 1713, thus fixing the ap- 
proximate date of his death. His name is 
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not given in the Encyclopedia Britannica or 
Americana: In the Dictionary of National 
Biography (by Stephen and Lee) we find a 
notice of “Francis Hauksbee, the elder,” 
which is merely a description of his book. 
Even the date of his birth could not be 
stated. We know nothing of his private life 
and fortunes. We have no letters, no por- 
trait. The histories of the Royal Society 
are silent except for his scientific contribu- 
tions. And it is doubtful if further traces of 
this remarkable man can ever be found 
now after the lapse of more than two cen- 
turies. 

Concerning his education and habits we 
can surmise only. He must have been a 
man of learning and good reputation to 
have become a Fellow of the Royal Society. 
He probably had gained a competence, had 
shown skill as an experimenter and been 
ready to devote his whole time to scientific 
pursuits, because these are the stated re- 
quirements of a curator of experiments. His 
papers and book, the records of a brief ca- 
reer of about seven years, reveal him as an 
investigator of striking originality; an in- 
ventor of unusual mechanical skill; a keen, 
accurate observer; and a writer whose 
clear, candid style reflects the attitude of a 
true man of science. Although a close suc- 
cessor to Boyle and Hooke and a contempo- 
rary of Newton, yet he was not altogether 
overshadowed but was recognized by Park 
Benjamin as “‘a man of unusual genius in 
original research.” 

In 1719 a second edition of Hauksbee 
was issued and translated into French and 
Italian. That there should have been a de- 
mand for this second edition is surprising 
because public interest was restricted to a 
very limited section of the educated. After 
Hauksbee, not a single electrical experi- 
menter of note, either in England or the 
rest of Europe, appeared until Gray in 
London communicated his first paper to 
the Royal Society. This was in 1720, about 
seven years after Hauksbee’s death, but 
only a year after the publication of his sec- 
ond edition. 

Again attention was diverted. Gray's 
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work gained the admiration of Du Kay in 
Krance. Then came Abbé Nollet and 
Franklin, who aroused unprecedented pub- 
lic enthusiasm by wonderful new discov- 
eries in electricity. More powerful static 
machines were constructed, the Leyden jar 
was invented, and wire conductors enabled 
demonstrators to produce amazing effects 
at a distance. Teachers in schools and col- 
leges found themselves surprisingly popu- 
lar. The public literally crowded the 
students out of their seats in lecture rooms. 
Hauksbee was forgotten, until noticed by 
Priestley. Priestley’s work went through 
three editions. But the rapid and vast ram- 
ification of electrical progress soon left all 
these early publications undisturbed on li- 
brary shelves. 

While it 1s impossible to survey the end- 
less literature of electricity that has since 
arisen, vet a search in those volumes most 
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likely to contain references to Hauksbee, 
such as histories and textbooks, reveals 
only infrequent mention of this early in- 
vestigator. His work is highly praised but 
his experiments of rendering opaque bodies 
transparent remains strangely unnoticed, 
except by Priestley, The Two Gentlemen 
of Philadelphia, and Thomson in his His- 
tory of the Royal Society. Thomson allots 
considerable space to Hauksbee’s demon- 
strations but his account of the experi- 
ments with sealing-wax and pitch is the 
briefest possible. He writes: 


“Mr. Hauksbee next lined a globe with 
sealing-wax and found that when exhausted 
and rubbed, it becomes luminous within. This 
globe was found to attract even when ex- 
hausted (Phil. Trans. 1708. Vol. xxxvi, p. 219). 
This experiment was repeated with some altera- 
tions; one-half of the inside of the globe was 
lined by pitch. When the globe was exhausted 
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Fic. 6. Hauksbee’s air-pump, still in possession of the Royal Society, showing also device for rotating the 


electrical machine within bell-jar. (From Physico-Mechanical Experiments. First edition.) 
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and the pitched part rubbed, the hand was seen 
luminous through the pitch (Phil. Trans. 1709, 
vol. xxvi, p. 391). If sulphur or wax be sub- 
stituted for pitch, the experiment succeeds 
equally well (Phil. Trans. 1709, vol. xxvi, p. 
439).” 


In Weld’s History of the Royal Society, 
in two volumes (1848), there is no mention 
of these experiments or of Hauksbee, ex- 
cept for his name in the list of Fellows. 
This is not surprising because Weld is 
chiefly concerned with the personal history 
of the great men of the Society and of pic- 
tures of the times in which they lived. 

s’Gravesande’s “Natural Philosophy,” 
already noted, was first printed soon after 
the translation of Hauksbee’s second edi- 
tion, and could be expected to give a con- 
temporary view of Hauksbee’s contribu- 
tions. While Hauksbee’s name is _ not 
mentioned, many of his experiments are 
detailed as work done in England, and four 
of his illustrations copied,—the only elec- 
trical illustrations to be discovered in this 
great work. But nowhere in s’Gravesande 
do we find any allusion to the transparency 
of opaque bodies under electrical conditions. 

It is more surprising to find only the 
slightest mention of Hauksbee in “A Com- 
plete Treatise on Electricity in Theory and 
Practice” with Original Experiments by 
Tiberius Cavallo, F.R.S. in two volumes 
(1786). This snail was printed in English 
in London where Hauksbee lived and 
worked as a fellow member of the Society. 
Cavallo says: “As for the electric light in 
vacuo, numerous observations concerning 
its diffusibility and various shades of its 
colors in a moderate degree of exhaustion 
have been made with sufficient accuracy by 
Mr. Hauksbee, Mr. Dufay, Abbé Nollet, 
I’, Beccaria, and others who likewise ob- 
served that the vacuum was a conductor of 
electricity.” (Vol. 11, p. 91, 3d edition.) 

We are at loss to understand why the 
announcement by Hauksbee, that the hand 
could be seen through an opaque body did 
not excite more interest and comment 
among his own contemporaries and those 
of the following generation. In those times 
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no one could have disputed his conclusions. 

Park Benjamin in his masterly work, 
“The Intellectual Rise in Electricity” 
(1895) devotes twelve pages to Hauksbee’s 
book and says “It was a brilliant piece of 
work and probably the first thoroughly 
scientific investigation of electrical phe- 
nomena.” But Benjamin nowhere mentions 
any experiment concerning the transpar- 
ency of sealing-wax and pitch. 

No exhaustive recital of authorities is 
intended, but we may make one other refer- 
ence. In the very excellent little volume, 
“Roentgenology,” by G. W. C. Kaye, 
O.B.E., M.A., D.Sc., F.Inst., P., Head 
of the National Physical Laboratory, and a 
distinguished English physicist, we find an 
appreciative account of Hauksbee’s work, 
but no mention or hint of “a méthod of 
rendering opaque bodies transparent.”’ 
Kaye relates interestingly: “His |Hauks- 
bee’s] beautiful two cylinder vacuum pump 
is happily still in the possession of the 
Royal Society. It was carefully overhauled 
in 1926 and although over two hundred 
years old is still capable of pumping down 
to about one inch of mercury.” Kaye ends 
his remarks about Hauksbee with ‘Fig. 
12, copy of announcement about Hauks- 
bee’s air pumps.” This is a reproduction of 
an 

“Advertisement. 

‘Air-Pumps, or Engines for exhausting Air 

from proper vessels 
* * * * 

‘All the above mention’d Instruments, ac 
cording to their Latest and Best Improve 
ments, are made and sold by Francis Hauks 
bee, (the Nephew of the late Mr. Haukshee, 
deceas’d) in Crane-Court, near Fetter-Lane in 
street, London.” 


Reference to Thomson’s History of the 
Royal Society shows that there are two 
Hauksbees, both named Francis, and both 
closely associated with the Royal Society. 
In the Dictionary of National Biography 
we find them distinguished as elder and 
younger. The younger is there referred to as 
probably the son of the elder Francis. But 
in the ““Advertisement”’ quoted by Kaye, 
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we see that the relationship is that of 
nephew. It is clear that this “‘Advertise- 
ment’’ is not the work of Francis Hauksbee 
who wrote ‘“Physico-Mechanical Experi- 
ments” and thought he saw his hand 
through opaque sealing-wax. 

This nephew, Francis Hauksbee, served 
thirty-nine years as Clerk of the Royal 
Society and was elected to this office in 
1723, ten years after the death of his illus- 
trious uncle. He was given a yearly salary 
of ‘so 1” and was “‘lodg’d and found.” A 
clerk could not be an F.R.S., or married. 
He must be a master of French and Latin 
as well as English, and be ‘‘adept in Mathe- 


matic and Experimental Philosophy.” 
Clerk Hauksbee wrote a book about “‘elec- 
tricity of bodies,” “‘vitrous phosphori”’ and 


an “electrical machine to revolve a sphere 
of glass with air exhausted,” and the “ef- 
fects of electricity on strings of yarn.”’ This 
sounds like a second serving of Hauksbee 
the elder. A further source of confusion 
possibly may lie in the fact that both Fran- 
cis Hauksbees dedicated books to Presi- 
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Fic. 7. First page of book by Francis Hauksbee, the 
younger. No date can be found in this copy. 


(From the John Crerar Library, Chicago. ) 
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Advertifement. 


IR-Pumps, or Engines for Exhaufting the Air from 

proper Veflcls, with all their Appurtenances; whereby 
the various Prepertics and Ufes of that Fluid in which we 
Live, are difcover'd and demonftrated by undeniable Experi- 
ments, Engines for the Comprefliun of the Air: Delightful 
Fountains, in which the Water, or other Liquor, is made to 
Afcend by the Force of the Air's Spring. Syringes and Blow- 
Pipes, with Valves for Anatomical Inétions. Hydroftatical 
Balances, for determining the Spccifick Gravity of Fluids and 
Solids. The Engine and Glafles for the New Way of Cupping 
without Fire. Scarificators, which at once make cither 10, 13, 
or 16 Incifions. 


All the above-mention’d Inftruments, according to their Lateft 
and Beft Improvements, are made and Sold by Francis Hauksbee, 
( the Nephew of the late Mr. Hawkshee, deceas'd) in Crane-Court, 
near Fetter-Lane in Fleetfireet, London. 


8. Page from Course of Mechanical » Optical, 
Hydrostatical and Pneumatic Experiments,” by 
Francis Hauksbee, the and William 
Whiston, M.A. (From the John Crerar Library, 


Chicago. ) 


younger, 


dents of the Royal Society, 
Lord Somers, 
Sloan. 
least 


the elder to 
the younger to Dr. Hans 
The younger Hauksbee wrote at 
three books, was probably more 
highly educated than his uncle, and lived 
for years in an atmosphere of experiment 
and discovery; yet he does not appear to 
have added a single new fact to human 
knowledge. The elder wrote one book 
which by contrast is a testimonial to those 
qualities of mind that distinguish a thinker 
and investigator from one merely learned. 

This book of Hauksbee the elder has be- 
come exceedingly rare. The Library of the 
University of Michigan possesses a copy 
each of the first and second editions, with 
text and illustrations perfectly preserved. 
Very few readers will ever have the oppor- 
tunity of seeing Hauksbee in the original. 
Therefore, it may be permissible to quote, 
nearly in full, the chapters on rendering 
sealing-wax and pitch transparent. We will 
omit those sections dealing with what we 
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now know to have been electrostatic at- 
traction, but will retain the capitalization 
and italics of the original which may be 
seen in the photographic copy of the first 
pages of this experiment.* 


[ 131 J 


An Experiment concerning ibe ProduSion of Light 
‘im an exbaufted Glafs (lin’d within-fide 
Sealing-Wax,) upon an Attrition made without. 


diameter ; I put into it a convenient quantity 
oken Sealing-Wax,and held it over a moderate Fire 
till the Wax was melted. Then turning the Globe 
about, that the Wax might flip from one place to 
another; it had quickly got a pretty thick Lineing, on 
more than half its infide: But ‘tis 
that it was not in all places equally thick, ic being 
impoffible to the melted Was in fach a mane 
"ner asto make it 
Having done thus, I plac’d the Globe in « fir 
and left it till st was perfettly cold; and then 
ving fix’d the Brafi-work to it, 1 exhamfted it of us 
Air. It was (immediately upon this) applied to the 
Machine, reprejented in VII; where the manner 
of giving motion to it, is fo cbvious, as needs mo dejcri- 
ion; and then making an Attrition with my 
the following furprizing Phenomenon, which 
the Evening (the proper time for fuch Obfervations) 
permitted me to do with great advantage. 
Hand was no fooner applied to shat 
Globe which was lined 
ax, but l the and figure 
the Glafs) diftinétly and perfettly apom the concave Sa- 
perficses the Wax within, When the 
S2 w 


FL ii procur’d a Glafs Globe, of about 6 inches 


Kic. g. Page from first edition of Hauksbee’s Physico- 
Mechanical Experiments, describing the experi- 
ment of seeing his hand through a laver of opaque 
sealing-wax. 


“An Experiment concerning the Production of 
Light in an exhausted Glass (\in’d within-side 
with Sealing-Wax,) upon an Attrition made 
without. 


“Having procur’d a Glass Glode, of about 6 
inches diameter; I put into it a convenient 
quantity of broken Sealing-Wax, and held it 
over a moderate ire till the Wax was melted. 
Then turning the Globe about, that the Wax 
might slip from one place to another; it had 
quickly got a pretty thick Lineing, on more 
than half its inside: But ’tis to be observ’d, that 
it was not in all places equally thick, it being 

* Dr. Edward H. Skinner of Kansas City, Mo., found a copy 
of Physico-Mechanical Experiments, by F. Hauksbee, F.R.S., 


first edition, 1709, in the library of the New York Academy of 
Medicine. 
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impossible to manage the melted Wax in such 
a manner as to make it so. 
“Having done thus, I plac’d the Globe in a 


fit posture, and /eft it till it was perfectly cold; 


and then having fix’d the Brasswork to it, | 
exhausted it of its dir. \t was (immediately upon 
this) applied to the Machine, represented in 
Plate VII; where the manner of giving motion to 
it, ts so obvious, as needs no description; and then 
making an -/frition with my Hand, | observ’d 
the following surprizing Phenomenon, which the 
Evening (the proper time for such Observations) 
permitted me to do with great advantage. 

“My Hand was no sooner applied to ‘hat part 
of the Globe which was lined with the Sealing- 
Wax, but | saw the shape and figure of all th 
parts of my Hand (which touch’d the convex 
Surface of the Glass) distinctly and perfectly 
upon the concave Superfictes of the Wax within. 
When the Glass alone without any such lining 
on the inside, is made use of; ’tis obvious to 
any one (who has seen or does but consider the 
Experiment) how plainly a Hand must be seen, 
which is plased on the convex Surface of a Globe 
all over enlightened with a_ strong-flashing 
Light. And perhaps it may seem strange, if | 
should sav, that the ./ppearance was now a 
plain and visible as then, notwithstanding the in 
terposition of the thick body of wax.” V was as it 
there had been only pure Glass, and no Wax 
in the way; or as if the Glass had been away, 
and the Wax were transparent. This Lining, 
where it was spread the ¢Ainnest, would but just 
allow the Light of a Candle through it i7 ¢/v 
lark. But in some places, it was at least 1 5 
of an inch thick. And vet even in those parts, 
the Light and Figure were as distinguishable as 
any where else. Nay, tho’ some parts of the 
Sealing-Wax did not adhere so close to the Glass 
as others, vet the Light appear’d on these, just 
as on the rest. This Light produc’d, was nol 
Aiscernible al all thro’ the body of the i ax, but 
was to be seen by looking thro’ the other parts, 
where the Glass was free and transparent. The 
Colour, and other Properties of it, resembled 
those of the Lights produc’d from pure Glass; ex 
cept in this one Instance, That upon the adits 
ston of a small quantity of Air into the Globe, 
the Light wholly disappear’d in that part cover’d 
with the Sealing Wax, and not in the other. 

* * * 

“So that in the Course of this Experiment, 
there are these following things to be taken 
notice of. 
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“First, 4 distinct and lively representation of 
the Shape and Form of an Object, upon da solid 
opake Body, to which that Object was not imme- 
diately applied; and this by the Light produc’d 
upon the Attrition of another Body (solid, tho’ 
not opake,) to which that Object was immediately 
applied. 

“A Man would have been thought the 
Author of a very strange Paradox, that should 
have asserted this, and at the same time con- 
ceal’d the Experiment; which shews how and 
which way ‘twas done. 

“Or, should it have been propos’d by way of 
Problem, thus: To represent the F gure of an Ob- 
ject (plac’d behind an opake Body) upon the con- 
trary side of the opake Body; and this without the 
help of Optick Glasses, or any foreign adven- 
titious Lights; perhaps the Solution might have 
been thought impossible; or, it may be, the 
very Terms of the Problem itself, absurd and 
contradictory. 

“Kor, the Body on which the igure is to be 
seen, must be an opake one, (by the Hypoth- 
esis;) and the Object itself plac’d on the con- 
trary side to that which it is seen on; So that 
either the Light must de transmitted thro’ this 
Body, and then ‘ss not opake, which is con- 
trary to the Hy pothesis; or else the Light must 
not be transmitted, and then no Figure could be 
Seen; for all distributions of Light by Optical 
Artificies, are excluded by the first Supposition. 

“But we see, this is not only possible, but 
also plain Matter of Fact. 

Krom whence, I think, it may be useful to 
observe, That many odd Effects and Appear- 
ances, which we may argue very Plausibly to our- 
selves, against the possibility of; and seem to find 
downright Absurdities and Contractions in; may 


vet be brought about by the genuine Forces of 


Nature, acting in convenient circumstances, upon 
proper and suttable Bodies. 

And from hence; That we do not, upon such 
occasions, proceed to conclude too peremptorily ‘ 
what may or may not be done; and think, that 
every Difficulty or ./pparent Impossibility to 
us, is a Rea/ one to nature itself. 

“Secondly, The uniform Clarity and Per- 
spicuity of the Figure represented, thro’ all the 
parts of the opake Body, (vtz. the Wax,) on which 
it was seen, being as visible in the thickest and 


grossest, as in the finest and thinnest parts of it; 


and on those which lay out farther from the Glass, 

as on those which adher’d more closely to it. 
“Thirdly, .7 total Disappearance of the Light 

in all that part cover’d with the Wax, upon the 
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admission of a small quantity of Air; and its 
Continuance in the other parts of the Glass at the 
same time. 

“Both these last-recited Heads do also furn- 
ish something that looks pretty strange. 

“Here’s a figure transmitted thro’ the most 
dense and compact parts of an opake Body, 
with the same facility and advantage to the 
Eye, that it is thro’ those which should seem the 
most easily pervious to the radiant Matter 
which is to form the Representation. 

“Again: Here’s a notable Distinction observ- 
able in the Lights produc’d. They were such, 
that one and the same Cause destroy’d the one, 
and /eft the other untouch’d. The air swept away 
all which arose from the parts lin’d with the wax; 
whilst the other regions of the glass preserv’d 
their light without any diminution. 


“These things thus observ’d; we may now 

reason a little upon ’em, in the modest way of 
Enquiries. 
“1. May not one Body attract (and as it were 
imbibe) ¢he Effluvia of another contiguous 
Body; especially when Motion and Warmth 
have made an easie passage for such Effluvia 
into the Interstices of that Body, whose at- 
tractive Power tends to fetch them thither? 


2. Might not (therefore) the Sealing Wax, 
by vertue of that Law, incorporate with itself the 
Luminous Effluvia emitted from the contiguous 
Glass? Glass gives a free passage to the Effluvia 
of Sealing Wax: May not Sealing-wax (on the 
other side) as freely admit the Effluvia of 
Glass? 
“3. Supposing the Body of the Sealing-wax 
thus charg’d and replenished with the Lumi- 
nous Effluvia of the glass, Would it not in that 
state appear Luminous itself? Do not all Bodies 
that shine, do so by vertue of Lucid Matter 
lodg’d in ’em; and, in some degree, more or 
less forcibly darted from ’em? Why should not 
Wax, every where replete with shining Cor- 
puscles, appear shining; as well as Wood 
charg’d with fiery parts, gives us the sensation 
of a burning Coal; or Smoke thoroughly heated, 
that of a /ively Flame? 

w What is it to be pellucid, but to transmit 
Light receiv’d? And does not the Wax thus trans- 
mit the Luminous Matter, attracted and imbib'd 


from the Glass? 


“5. Has not the Wax (therefore) in this 
state, a sort of Transparency? \ say in this state: 
For the property is limited to the present Cir- 
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cumstances of these Bodies concern’d in the 
Experiment? 

“During the Attrition, there is an Eruption 
of Luminous Effluvia from the body of the 
Glass. 


“Does not the Attraction take place, as soon 
as the Matter to be attracted is furnish’d by the 
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without any fuch Lining on the infide, is made ufe 
of; ’tis obvious to any one (who has feen or does but 
confider the Experiment) how plainly a Hand mutt 
be fcen, which is we on the convex Surface of a 
Globe all over enlightned with a ft . — 
Light. And perhaps it may feem ftrange, if I fhou 
fay, that the Appearance was wow a5 plain and vifi 

4s then, notwith{tanding the tnterpofition of the thick bom 
dy of Wax. “Twas as if there had been only pure 
Glafs, and no Wax in the way; or as if the dns 
had been away, and the Wax were tranfparent. 
This Lining, where it was fpread the thimaefl, would 
but juft allow the fight of a Candle through it 
the dark. But in fome places, it was at leaft } of an 
inch thick. And yet even in thofe parts, the Light 
and Ficwre were as aiftingurfbable as any where 
Nay, tho’ fome parts of the Sealing-Wax did not 
adhere fo clofe to the Glas as others, yet the Light 
appear’d on theje, as unm thereft. This Light pro- 

uc’d, was not dsjcernible at all thro’ the body of the~ 
Wax, but was to be feen by looking thro? the other” 
arts, where the Glafs was free and tranfparent. 
he Coloer, and other Properties of ie, relsenbled 
thofe of the Lights produc’d from pure Glafs except 
in this one hace, That upon the admiffion of a {mall 
quantity of Air into the Globe, the Light wholly difap- 
pear'd in that parkgeover’s with the Scaling-Wax, and 
not in the other: # 

When all the Air was let in, the Hoop of Threads 
being held over the Glais, *he Threads were attrafted 
at greater diftances, by that part which was coated with 
‘the Wax, than by the other. But even then, when all 
the Air was cxhaufled, te Wax would attract Bo 
dies plac’d near the outlide of the GlafS; For io 
this cafe I fpund she Threads bad Central 


omy 


Fic. 10. Page from first edition of Hauksbee’s 
Physico-Mechanical Experiments continuing the 
experiment of seeing his hand through a layer of 
opaque sealing-wax. 


contiguous G/ass? Is not the Wax saturated 
with Light as soon as the Attraction com- 
mences? And when the Wax is saturated with 
Light, does it not then appear luminous? (that 
is, does it not communicate some parts of the 
Light receiv’d, to the circumjacent Medium?) 
“6. Since therefore the Sealing-Wax in this 
state, is not to be consider’d purely as an opake 
Body, which opposes the Transmission of 
Light, (as it really is in all other Circumstances,) 
but as a Body every where pervious to the Lucid 
Matter emitted from the neighbouring Glass, 
May we not from hence conceive, how the Figure 
of an Object plac’d on the one side, may be repre- 
sented on the contrary side thereof, (namely, that 
side which is turn’d towards the Fye of the 
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Spectator?) Why should I not as well see my 
Hand plac’d on the Glass, whilst the Wax is 
thus open to the Luminous Effluvia; as see it 
when I place it behind any ordinary trans- 
parent Body whatsoever? 

“In a word, "This plain matter of Fact, ‘hat 
the Figure of the Hand is seen on the contrary 
side of the Wax. And ’tis demonstrable from 
the very Circumstances of the Experiment, that 
that Figure is not form’d there by any of the 
common ways of picturing Objects by Reflected 
or Refracted Light. 

“The Figure therefore is fransmitted thro’ 

the Body of the Sealing-Wax. But no Spectes or 
Picture can be transmitted thro’ an opake Body 
while it continues to be Opake; that is while it 
continues impervious to the Rays of Light. Vhere- 
fore the Wax must, af that time, be in the con- 
trary state; that is, pervtous to the Luminous 
Matter. This Luminous Matter is originally 
emitted from the Glass in the Act of Attrition; 
but how it should pass from thence into the 
the body of the Wax, without an attractive 
force bringing it thither, | cannot (at present) 
tell how to conceive. 
“>, Ou. Whether the Figure was not as 
distinctly form’d on the thickest, as on fhe 
thinnest parts of the Wax, upon account of the 
Quantity of Luminous Effluvia every where at 
tracted in proportion to the quantity of attracting 
Matter? And whether, it was not upon account 
of the very small (comparative) ditterence be 
tween the distances of the farthest and nearest 
parts of the Wax, with respect to the Glass; that 
the Luminous Matter was pretty equally drawn 
to both, and so the appearance became (to 
Sense) equally distinct on both? Or that the 
vibratory motion of the Fffuvia at their erup 
tion from the Glass, might bring them as well 
within the attractive Sphere of the remotest, as 
the nearest parts of the Wax? 

“8. Is not the more strong and vigorous At 
traction from that part of the Glass lin’d with the 
Wax, caus’d by the united attractive Forces of 
the Glass and Wax?” 


There are more experiments along this 
line to follow but we may, in passing, be 
arrested by the fact that Hauksbee, in this 
explanation of his experiment, originated 
the term and the idea of “Radiant Matter.” 
Later Karaday made use of this term and 
inspired Crookes whose classical experi 
ments with the electrically excited vacuum 
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tube were for the avowed purpose of de- 
monstrating “Radiant Matter.”’ His lec- 
ture in 1879 before the British Association 
for the Advancement of Science was en- 
titled “‘Radiant Matter.’ This lecture 
opens as follows: 


“To throw light on the title of this lecture | 
must go back more than sixty years—to 1816. 
Karaday, then a mere student and ardent ex- 
perimentalist, was 24 years old, and at this 


early period in his career he delivered a series of 


lectures on the General Properties of Matter, 
and one of them bore the remarkable title, 
‘On Radiant Matter.’”’ 


Crookes tubes were advertised commer- 
cially as “Radiant Matter Tubes.”’ And 
we must remember that it was a Crookes 
tube which Roentgen was using when he 
discovered the x-ray. 

Crookes’ conception of “‘radiant matter”’ 
was that of a fourth state of matter. Solid, 
liquid, gaseous; what was the fourth 
state? According to Crookes it was a gas so 
rarefied as to be but little below a vacuum. 
He says, “Matter in the fourth state is the 
ultimate result of gaseous expansion.” But 
Crookes failed to establish this hypothesis. 
His was another fruitful error in research. 
Matter in ultra-gaseous state”’ is still 
a gas. Hauksbee’s conception was actually 
closer to a fourth state of matter than 
Crookes’. His “‘radiant matter” (or “‘lumi- 
nous effuvia,”’ or “lucid matter” or “lumi- 
nous matter’) was something akin to light 
but so subtle that it could pass through 
substances opaque to ordinary light. This 
supposition 1s not inconsistent with the 
quantum theory of modern physics. He 
was, of course, under the influence of New- 
ton’s corpuscular theory of light. 

However, 1n a later experiment Hauks- 
bee reverts to the theory that sealing-wax 
and pitch change in physical character 
under conditions of a vacuum and electri- 
cal excitation, so that they become tem- 
porarily transparent. This experiment is 
found in the second edition of “‘Physico- 
Mechanical Experiments” which contains 
a “Supplement” with this foreword: 
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“The following Experiments being made by 
Mr. Hauksb:e after the Publication of the 
Kirst edition of this Book, and not rang’d by 
him under any proper Section before his 


Prare Vil. 


Fig:s. 


Fic. 11. Hauksbee’s vacuum tube or globe with ro- 
tating table; also hoops with strings of yarn for 
use without and within the globe. This apparatus 
was used to see the hand through sealing-wax. 
(From Physico-Mechanical Experiments. First 
edition.) 


Death; we have here printed them just in the 
Order he deliver’d them to the Roy al Society.” 


Twenty-four experiments are numbered, 
covering a considerable range of physics. 
Kive only are electrical. His results regard- 
ing the transparency of opaque bodies are 
now differently interpreted, as may be seen 
from the following 


“Experiment VIII. 


An Account of an Experiment, showing that 
an Object may become visible through such an 
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Opaque Body as Pitch in the Dark, while it is 
under the Circumstances of Attrition and a 
Vacuum.” 

* * * * * 


“To conclude: This, and the foremention’d 
Experiment of the Sealing-Wax, plainly dis- 
cover a transparent Quality in some Bodies 
(we call Opaque) under such and such Circum- 
stances: Bodies which are really Opaque, have 
hitherto been thought to continue always so. 
It was never so much as suspected, that they 
could exchange that Quality for the contrary 
one, and then come back from that contrary 
one to their old State again: That they could 
pass from Opaque to Pellucid, and from Pel- 
lucid to Opaque; at one time admit, and at 
another time oppose the Passage of Light; And 
all this by a meer Change of external Circum- 
stances. This Property, I say, is as new as ’tis 
real and surprizing: And the bare Considera- 
tion of so very unlikely and unexpected a thing, 
may be a ground of Encouragement to hope, 
that some other odd Properties of Bodies, by 
some lucky Trials, may hereafter (as this has 


done) surprize us with a Discovery of them- 
selves.” 


The roentgenologist will find something 
suggestive in this last of his electrical ex- 
periments: 


“Experiment XIV. 

An account of an Experiment concerning an 
Endeavor to produce Light through a Metallick 
Body, under the Circumstances of a Vacuum and 
Attrition. 

It may be remembered, what success I had 
in producing Light through Bodies, such as 
Sealing-Wax, Pitch and common Sulphur; 
which gave me some probability, that under the 
same Circumstances I might likewise make 
some such Discovery thro’ a Mettalick Body.” 


He then makes use of a globe half glass 
and half brass. He says: 


“T applied my Hand to the Brass Hemis- 
phere in Motion, but no light could be dis- 
covered within.” 


He tries many variations of the experi- 
ment and after the last trial states 


“But this, and whatever else I then did try, 
was to no purpose.” 


» 1933 


In his preceding experiment with a lining 
of sulphur instead of pitch he ends with 
these words suggestive of Francis Ba- 
con: 


“The Powers of Nature are not to be deter- 
mined beforehand by Demonstration but to be 
search’d out by Odservation and Experiment. 
And as these Trials have open’d the way to 
something that looks with a very promising As- 
pect: So we hope by degrees to persue them 
with some good Success.” 


These concluded Hauksbee’s electrical 
experiments. Ten experiments on other 
subjects follow before death put an end to 
his labors. His work was safely recorded in 
the archives of the Royal Society. His book 
covers an extraordinary range and makes 
him an outstanding exponent of the experi- 
mental physics of his age. His papers on 
the development of the electrically excited 
vacuum tube are the most original and best 
known of his works. Like Aladdin he had 
rubbed his lamp and gent had appeared, 
matching in power and obedience those of 
the Arabian Nights; but many years had 
yet to pass before anyone could recognize 
them and find the magic formula of com- 
mand. 

We raise our eves from these early rec- 
ords and wonder what Hauksbee actually 
saw. To the average reader, a vacuum tube 
excited by electricity suggests x-rays or 
some form of emanation of similar proper- 
ties. He might ask, could the hand making 
friction on glass be a source of such ema- 
nations and could the concave surface of 
sealing-wax, or a layer of ionized air, take 
the place ofa fluorescent screen? We are re- 
minded that friction on glass and on sealing- 
wax yields vitreous and resinous electricity 

our primary source of distinction be- 
tween positive and negative charges. To 
Hauksbee’s mind the light which outlined 
his hand could not appear on the opposite 
side of a layer of sealing-wax or pitch un- 
less that light had passed through these 
opaque substances. He had no conception 
of electrostatic induction or the ionization 
of gases, although he had demonstrated 
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both these phenomena in his experiments 
with electricity and vacuum tubes. 

Thinking that it would be interesting to 
see again what Hauksbee saw and to have 
the explanation of a trained physicist, | 
laid the whole matter before Dr. J. W. 
Hornbeck, Professor of Physics in Kala- 
mazoo College and asked his cooperation 
in repeating these experiments. Professor 
Hornbeck was frankly surprised that this 
work, of such historical interest, should 
have been so long neglected and lost from 
sight. He also searched the literature for 
further mention of these experiments with 
negative results. 

It was his immediate hypothesis that the 
phenomenon was due to an electrostatic 
effect on the residual gas-layer on the inner 
surface of glass and wax, and not to a 
rendered transparency of the wax, as 
Hauksbee thought. However, he and his 
assistants proceeded to set up the experi- 
ment as Hauksbee described, except that 
a motor-driven machine was used to 
rotate the tube. Tubes were blown, in the 
Department of Mechanics of the College, to 
correspond in size and shape with that of 
Hauksbee. The half of the globe which was 
coated with sealing-wax was located about 
one axis so that its image could be viewed 
without interruption through the uncoated 
glass portion. 

It was a rather tense and expectant 
moment when the dry hand was applied to 
this rotating tube in the dark. The vacuum 
was low, to correspond with the known 
capacity of Hauksbee’s air-pump. In a few 
seconds a glow could be seen in the tube. It 
brightened, and the outline of the hand and 
fingers, which were held on the side oppo- 
site to the eyes, could be seen through the 
clear glass from this light within the globe. 
The surface of the hand in contact with the 
glass became luminous, showing the creases 
and lines of the skin on fingers and palm. 
There was no penetration of the hand as 
with the roentgen ray. When the hand was 
passed behind the layer of sealing-wax, it 
was seen exactly the same as when held 
over the uncoated portion of the globe. 
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There was no difference. Hauksbee’s de- 
scription, disentangled from his theories 
and explanations, was accurate in every 
detail. The experiment today can be de- 
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Experiment VIUil. 


An Account of an Experiment, fhewing that 
aux Objekt may become vifible through 
{uch an Cpaque Body as Pitch in the 
Dark, while it is under the Circnme 
flarces of Attrition and a Vacus 
um. 


“THIS Experiment affords 4 fignal Confir. 
mation of another formerly made, and 

differs only in the Matter made ufe of. 1 be- 
fore uted Sealing Wax, but now made choice 
of Pitch, which I ferv’d as the Sealing Wax; 
that is, ] melted itin a Globe Glafs, and kepe 
it turning abour till rhe larger Half had gota 
pretry thick Lining of it; it was even fothick 
that a Ray of Light couldno way penetrate it: 
This Globe 1 exhaufted of its contained 
Air; then (being Night) I put it on the En- 
Line te give motion to ; where, ateer it had 
been turn'd a /ittle while, with my Hand on 
that halt lin’d with the Pitch, I could very eas 
fily diftover thro’ the tran/parent Part, on the 
inward Suriace of the Pitch, the very Shape 


and Lines of it, as likewife of my Fingers: 
For 


Kic. 12. Page from Supplement of second edition of 
Hauksbee’s Physico-Mechanical Experiments, de- 
scribing the experiment of seeing his hand through 
an opaque layer of pitch. 


scribed in his own words. It is a tribute 
both to Hauksbee’s careful description, and 
to Professor Hornbeck’s skill as an experi- 
menter, that this repetition of a two-hun- 
dred-year-old experiment succeeded so 
perfectly. This was on the evening of 
December 12, 1932. 

Professor Hornbeck then proceeded with 
variations of the experiment in order to 
study the phenomenon systematically and 
to test out his hypothesis that the residual 
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layer of air within the tube, next to the 
inner surface of both glass and sealing- 
wax, was made luminous by the friction of 
those parts of the hand in actual contact 
with the outside of the glass. This lumi- 
nosity followed accurately the points of 
contact, no matter what was the substance 
or body exerting the friction. The sealing- 
wax, pitch, or sulphur simply provided a 
suitable surface like the glass for the ex- 
hibition of this phenomenon. The same 
effect, but less spectacular, was observed 
when the vacuum tube was made luminous 
by a high frequency electrode, and the 
hand applied to the surface of the quiescent 
tube. The luminous image of the hand 1s 
again seen as well on the inner surface of 
the sealing-wax as through the glass, al- 
though there was no motion and no friction 
of the hand. Whether or not the experi- 
menter were grounded made no perceptible 
change in the experiments. The effect fades 
with too high or too low a vacuum. With 
a lower vacuum the luminosity of the con- 
tained air changes and streamers dart from 
side to side when the tube is charged from 
the friction of the hand as well as when ex- 
cited by the high frequency electrode. 

Hauksbee failed to get the effect of trans- 
parency when his tube was coated with 
Howers of sulphur, although with common 
sulphur he succeeded as with pitch. He 
also used a globe, half glass and _ half 
metal, but could not see his hand when it 
was placed behind the metal. Professor 
Hornbeck could find no difference in effect, 
between flowers of sulphur and sealing- 
wax, but confirmed Hauksbee’s findings 
when metal was used. A tube was half- 
coated on the inside with tinfoil and ex- 
hausted as were the others. But no image 
of any kind could be seen when the hand 
was passed behind this metallic coating, 
although through the glass portion of the 
tube, it was luminous and visible as_be- 
fore. 

The explanation of these ditferent phe- 
nomena is given by Prof. Hornbeck in the 
following statement which he has very 
kindly furnished me at my request. 


. Crane 
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EXPLANATION OF THE HAUKSBEE 
PHENOMENON 


By Prof. J. W. Hornbeck 
Dept. of Physics, Kalamazoo College 


It is well known that the luminous discharge 
in gases is often quite complicated. However, 
recent research on the theory of energy levels 
has made it clear that the emission of light is 
associated with ionization, or at least with the 
“excited”’ state of a gas. In our experiments the 
main factors responsible for ionization of the 
residual gas are not far to seek. 

Keeping in mind the fact that the rotating 
globe is highly charged with electricity, an 
abrupt change of potential occurs at the sur- 
face of contact where the hand rubs against the 
glass. Therefore a potential gradient is estab- 
lished through the glass and into the residual 
air next to the local area of contact. The re- 
sulting electric field, being proportional to the 
space-rate of change of potential, will be very 
strong within the glass and wax adjacent to the 
hand and will fade rapidly for points in the gas 
at any considerable distance from the hand. In 
other words, the lines of force of the electric 
field in the gas-layer will diverge as one leaves 
the area of contact. In such a non-uniform field 
one should expect ionization by collision only 
within a region very close to the inner surface 
adjacent to the hand, i.e., where the field is 
strongest. And this is what we observe. Any 
large adjustment of the residual gas pressure 
would naturally change the character and ex- 
tent of the luminosity, due to the change in the 
mean free path. 

Furthermore, when the vessel is lined with 
tinfoil, the whole metallic lining must remain 
an equi-potential surface simply because it Is a 
good conductor. When such a vessel is charged 


by friction of the hand, the local gradient of 


potential, above-mentioned, is not produced 
and a local field does not exist in the gas. Con 
sequently the residual gas, opposite the hand, 
is not ionized. 


We see from the foregoing statement by 
Professor Hornbeck that the reason why 
Hauksbee saw the image of his hand 
through opaque sealing-wax, though not 
through metal, was because the residual air 
in his vacuum tube was ionized on the sur- 
face of the wax, though not on the metallic 


surface which was a perfect conductor of 
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the static charge. Mistaken though he was, 
Hauksbee’s experiments in 1709, by their 
anticipation of Roentgen’s discovery, con- 
stitute a prophetic error without a parallel 
in the history of science. 

Francis Hauksbee is known to us only in 
a brief scientific career of seven years. A 
study of his papers shows him to have 
attained an outstanding position in the ex- 
perimental physics of his age. We have seen 
that he was the first to excite a vacuum 
tube by an electrical machine, the first to 
describe the resulting phenomena of lum1- 
nescence, and the first to conceive the idea 
that, by such a tube, “radiant Matter” 
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could be generated, capable of penetrating 
material opaque to ordinary light. His mts- 
takes were those of genius in advance of its 
time. Science progresses by trial and error. 
He has not received his full due in the his- 
tory of physics or in the annals of roent- 
genology. The range and originality of his 
experiments, his powers of minute observa- 
tion, his inventive and mechanical skill, the 
boldness and candor of his speculative rea- 
soning, the present-day results traceable to 
his work, all combine to make his book one 
of the imperishable landmarks of scientific 
progress. 
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RADIODERMATITIS 


N A small proportion of the thousands 

of patients exposed to roentgen rays 
or radium for diagnosis or treatment, ac- 
cidental overexposure or undue, though 
deliberate, exposure may lead to reactive 
dermatitis. In connection with treatment 
of malignant tumors, in particular, mild 
radiodermatitis is common, but by the 
more experienced therapeutic radiologists 
dermatitis to the point of ulceration is 
carefully avoided. As a rule, such severe 
tissue damage results from inexperience or 
accidental error. kor years it has become a 
medical custom to designate such reaction 
by the expressions “‘x-ray burn” or “‘ra- 
dium burn,”’ much as one would speak of 
sunburn. In a way this is quite natural 
and proper, but certain considerations 
would seem to point to the greater wisdom 
of avoiding the use of such terms alto- 
gether, or at least of limiting their applica- 
tion to destructive or ulcerative lesions. 
An important reason 1s that, as a result of 
dreadful stories circulated among the laity, 
a peculiarly sinister meaning has become 
attached to such expressions. Untortu- 
nately, many physicians are careless in this 
respect, while others unfamiliar with the 
action of radiation on the tissues often do 
not hesitate to regard as due to irradiation 
lesions that have nothing whatever to do 
with roentgen radium, such as 
those of herpes zoster. With some the un- 


ravs or 


hesitating use of these expressions is based 
on the self-righteous unreasoning 
determination to tell the whole truth to 
every patient, regardless of consequences 
and of the mental anguish often resulting 
from such lack of 
sympathy. 


elementary human 

To some extent every physician lives in 
a glass house, in the sense that he cannot 
always make an accurate diagnosis and 


that he cannot be certain that the treat- 
ment which he prescribes in a given case 
and at a given time will be effective. To 
mention one example among many, even 
the best surgeon may occasionally commit 
an error of judgment or execution which 
may sometimes have serious consequences 
for the patient. In other words, the phy- 
siclan as a human being is_ necessarily 
prone to error. Of course, the conscientious 
practitioner adopts every possible safe- 
guard against error, but in this respect 
some are less meticulous than they might 
be or unusual circumstances in certain 
cases may lead to some hasty or injudicious 
act. At any rate, to deny that in the prac- 
tice of medicine errors occur would be as 
ridiculous as to maintain that the earth 
is flat. If this quite natural tendency of 
human faculties occasionally to err is 
admitted, it behooves every physician to 
avoid casting stones at a fellow practi- 
tioner, if only because glass houses are so 
fragile. 

The diagnostic and therapeutic use of 
roentgen rays and radium is gradually ex- 
tending and will probably continue to ex- 
tend for some time to come. Among the 
factors responsible for such extension are 
the increasing number of reports of favor- 
able results in cases previously treated by 
other methods or in which the disease 
hitherto had been allowed to follow its 
natural course or in which only palliative 
relief of symptoms had been attempted; 
increase in our knowledge of the physical, 
physiological and pathological effects of 
irradiation and diffusion of such knowl- 
edge among a larger number of physicians, 
increase in the number of expert radiolo- 
gists and in their individual skill, better 
understanding of the indications and 
limitations of radiotherapy, better con- 
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struction and greater safety of apparatus 
to generate roentgen rays, and greater 
familiarity with the usefulness of roentgen 
rays and radium on the part of phy sicians 
working i in hospitals or engaged in private 
practice. However desirable and advanta- 
geous such extension may be in many 
respects, it is becoming apparent that, in 
some respects, the wider use of these 
valuable agents is responsible for many un- 
fortunate accidents or incidents, or that 
many patients do not receive the benefit 
which should result from expert treatment. 

One of the main reasons for this ap- 
parent anachronism, as far as roentgen 
rays are concerned, is that, although the 
number of skilled specialists has been 
slowly increasing, others less skilled and 
physicians without special training or 
experience in radiotherapy have been led 
to believe that the chief or sole require- 
ment for this kind of treatment is electrical 
equipment. The progressive simplification 
of generating apparatus and the com- 
mercial urge to increased sales have led the 
manufacturers’ agents to make roentgen 
therapy appear as simple as possible. Also, 
the vogue of mechanical gadgets to per- 
form a multitude of tasks which formerly 
had to be done by hand has engendered 
in the lay public the notion that the pos- 
session of an x-ray machine necessarily 
implies the skill to use it for any required 
purpose. So much so, indeed, that many 
patients seem surprised to learn that the 
possession of apparatus to generate roent- 
gen rays does not confer skill on the pos- 
sessor and does not connote experience. 
The same may be said concerning the 
possession of radium. Many physicians, 
influenced by the advertisements of com- 
mercial firms or individuals, have been led 
to assume that treatment of various lesions 
with radium does not require special skill 
and experience, and that, given specific 
instructions by the advertiser, any medi- 
cally trained person can give such treat- 
ment. A moment’s thought should be 
sufficient for anyone to realize how un- 
sound are such ideas. No one, for instance, 
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would dare to assume that the only re- 
quirement for expert surgery is a kit of 
surgical instruments and that, by pur- 
chasing or renting the instruments, any 
physician may ipso facto become qualitied 
to perform any surgical operation. 

In the past and even at the present 
time, also, a certain proportion of roent- 
genologists, whose practice has consisted 
mainly of diagnostic roentgenology and 
whose income, therefore, has been derived 
chiefly from this source, have given scant 
attention to the therapeutic aspects of the 
subject. In spite of this lack of interest, 
however, they have not had the courage to 
limit themselves exclusively to diagnostic 
roentgenology, but have continued to ac- 
cept cases referred for treatment, either 
because their position on the ‘staff of a 
hospital required them to do so or because 
they have been unwilling to admit the 
deficiency. Under such circumstances, 
treatment has often been delegated to a 
technician and has not received the de- 
tailed and constant supervision which 
radiotherapy of high grade requires. 

The foregoing factors probably account 
in large measure for the relative frequency 
of destructive radiodermatitis, even if the 
proportion of cases in which pronounced 
cutaneous reaction incidental to roent- 
genographic or roentgenoscopic overex- 
posure is excluded. In many if not in most 
cases gross therapeutic overexposure re- 
sults from accidental omission of filters 
when the other technical factors are based 
on some degree of filtration. As long as 
the human equation plays such a large 
part in radiotherapy accidents due to 
faulty memory or observation are bound to 
occur. The frequency of such accidents 
will diminish only as dependence on in- 
dividual human faculties diminishes. But 
too much reliance on electrical or me- 
chanical devices to guard against human 
frailty does not guarantee against ac- 
cidental error. The best safeguard is de- 
tailed and expert human_ supervision, 
or a combination of electro-mechanical 
devices and human supervision, and this 
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applies to all phases of radiology, whether 
diagnostic or therapeutic. 

If radiologists or others who employ 
radiations for diagnosis or for treatment 
could see some of the undesirable effects 
of overexposure or excessive irradiation, 
and could thus come to realize more fully 
the prolonged misery or disability which 
such unfortunate occurrences so often 
entail, fewer physicians would undertake 
radiologic procedures without adequate 
preparation, and a larger number of radi- 
ologists themselves would refine their 
methods and institute such supervision of 
details of procedure as to minimize to the 
utmost the possibilities. In 
many cases, unfortunately, the responsible 
radiologist or clinician does not see the 
patient when the radiodermatitic reaction 
is at its height or at any time during the 
early part of its protracted course; in fact, 
he may not see the patient again unless it 
be under the distorting light of a medico- 
legal action. During the interval the 
patient is most likely to consult some one 
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else, a dermatologist or a general or plastic 
surgeon. Therefore, one of these specialists 
may have seen a considerable number of 
cases and may have acquired an extensive 
experience in the treatment of such lesions. 

Kor example, in 1931 and again in 1933, 
the well-known plastic surgeon, Davis*, 
of Baltimore, wrote on this subject two 
articles, in which he describes many cases 
and the treatment by which the damaged 
tissues were repaired and defects were cor- 
rected. Among the cases cited by David 
were many in which an inflammatory or 
other benign condition, such as infection 
of the cheek, exophthalmic goiter, or 
tuberculous adenitis or peritonitis had 
been irradiated repeatedly for a long time. 
Here it is pertinent to mention that many 
radiologists have not yet learned that 
tumor or tolerance doses are not necessary 
and should not be used in dealing with 
infammatory or benign conditions, and 


* Davis, John S. Deep rcentgen-ray burns. Am. J. Roent 
GENOL. & Rab. THERAPY, 1931, 26, 
Davis, John S. Clinical iilust: ations of deep roentgen-ray and 


radium burns. Am. J. RoentrGeNot 
1933, 29) 43~78. 
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especially that, in benign as well as in 
neoplastic lesions, irradiation to or beyond 
the threshold of tissue tolerance cannot be 
repeated indefinitely without risk. These 
points apply with still greater force when 
the treatment is directed to a disease of the 
skin. Even if the dose given to each field at 
each course of treatment is within the 
limit of tolerance, it is extremely important 
to know when to stop treatment or when 
to diminish the dose. Sometimes it is not 
easy to resist the importunities of the 
patient or his referring physician. Sub- 
stantial improvement having resulted from 
previous exposures, it is natural to expect 
that additional treatment should be equally 
effective. Here the likelihood of improve- 
ment must be weighed against the risk of 
repeating the treatment, and the desires 
of the patient or of his physician must not 
be allowed to warp one’s judgment. An- 
other point, often overlooked in relation 
to radiotherapy, is the number of roent- 
genograms of the same part of the body 
that may recently have been made by the 
same or by some other roentgenologist, 
and the interval since such roentgenograms 
were made. Of radiodermatitis resulting 
from diagnostic procedures nearly all 
cases can be attributed to overexposure 
from inadvertently prolonged roentgenos- 
copy (excessive total dose), from too fre- 
quent roentgenography within a given 
time (time limit of tissue tolerance), from 
unwarranted trust in certain measuring 
instruments the accuracy of which is not 
tested frequently enough, or in the veracity 
or reliability of assistants. 

Davis justly concludes that severe radio- 
dermatitis is much too common, that the 
dangers inherent in radiologic procedures 
should be stressed, and that the medical 
use of roentgen rays and radium should be 
restricted to qualified experts. At the pres- 
ent time, unfortunately, such restriction 
has not yet been achieved, but for the 
benefit of the public as well as that of the 
profession itself, it is high time that 
measures be taken to ascertain and certify 
the qualifications of radiologic specialists. 

A. U. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep Srates OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. E. P. Pendergrass, University Hospital, 
Philadelphia, Pa. 

Annual Meeting: Chicago, Ill., Sept. 25-30, 1933. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Albert Soiland, 1407 S. Hope St., Los 
Angeles, Calif. 

Annual meeting: Chicago, Ill., Sept. 25-30, 1933. 

Section ON Rapio_ocy, AMERICAN MEDICAL AssociATION 
Secretary, Dr. J. T Murphy, 421 Michigan St., Toledo, 
Ohio. 

Annual meeting: Milwaukee, Wis., June 12-16, 1933. 

Rapio.ocicaL Society oF NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syr- 
acuse, N. Y. 

Annual meeting: Chicago, IIl., Sept. 25-30, 1933. 

RapioLocicaL Section, Los ANGELEs County MEpIcAL 
Society 
Secretary, Dr. D. R. MacColl, 2826 S. Hope St., Los 
Angeles, Calif. 

Meets on the third Wednesday of each month at the 
California Hospital. 

RaDIOLocicaL Section, SOUTHERN MEDICAL AssocIiATION 
Secretary, Dr. C. H. Heacock, 20 S. Dunlap St., Mem- 
phis, Tenn. 

Annual meeting: Richmond, Va., November, 1933. 

Brook.yYn RoentcEN Ray Society 
Secretary, Dr. G. W. Cramp, 921 President St., Brook- 
lyn, N. Y. 

Meets monthly on first Tuesday, October to April. 

BurraLo Rapio.ocica Society 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., Buffalo, N. Y. 

Meets second Monday of each month except during 
summer months, place of meeting selected by the host. 

Cuicaco RoENTGEN Society 
Secretary, Dr. George M. Landau, 660 Groveland Park. 
Meeting second Thursday of each month October to May 
inclusive at Virginia Hotel. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. H. G. Reineke, Christian R. Holmes 
Hospital, Cincinnati, Ohio. Meetings held monthly. 

CLEVELAND RaDIOLoGIcAL Society 
Secretary, Dr. M. A. Thomas, Medical Arts Bldg. 
Meetings are held at 6:30 p.m. at the Cleveland Cham- 
ber of Commerce Club rooms on the fourth Monday of 
each month from October to April, inclusive. 

Derroir RoENTGEN Ray AnD Raptum Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. 

Meets monthly on first Thursday from October to May, 
at Wayne Country Medical Society Building. 

FLoripa RapioLocicaL Society 
Secretary, Dr. W. McL. Shaw, 418 St. James Bldg., 
Jacksonville, Fla. 

Meetings held twice a year, May and November. 
Next meeting, Hollywood, Fla., May 1, 1933. 
RaDIoLoaicat Society 
Secretary, Dr. L. M. Hilt, Myers Bldg., Springfield, Ill. 
Regular meetings held quarterly. 


InDIANA ROENTGEN SociETY 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. 

Annual meeting each February 22 in Indianapolis. 

MIcHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. S. W. Donaldson, St. Joseph's Mercy 

Hospital, Ann Arbor, Mich. Three meetings a year, Fall, 
Winter, and Spring. Next Meeting, University Hospital, 
Ann Arbor, Mich., May 27, 1933. 

MiLwauKEE RoentcEN Ray Society 
Secretary, Dr. J. E. Habbe, 221 Wisconsin Ave., Mil- 
waukee, Wis. 

Meets first Friday in October, December, February and 
April. Place of meeting designated by the president. 

Minnesota RaDIoLocicat Sociery 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. Next meeting, Rochester, Minn., May 22, 

1933- 

New Encianc Roentcen Ray Society 
Secretary, Dr. Thomas R. Healy, 370 Marlboro St., 
Boston, Mass. 

Meets monthly on third Friday, Boston Medical Library. 

New York RoENTGEN Society 
Secretary, Dr. C. W. Schwartz, 33 E. 68th St., New York. 
Meets monthly on third Monday, New York Academy 
of Medicine, at 8:30 P.M. 

Centra New York RoentcGen Ray Society 
Secretary, Dr. H. S. Bull, 604 Masonic Temple, Auburn, 
N.Y 
Three meetings a year—January, May and November. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. W. E. Reiley, Clearfield, Penna. 

Annual Meeting, Penn-Alto Hotel, Altoona, Pa., May 
24-25, 1933. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Karl Kornblum, 3400 Spruce St. 

Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.m., in Thomson Hal!, College of 
Physicians, 19 S. 22d St. 

RocHesterR RoentTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. W. W. Fray, Strong Memorial Hospital. 
Meets monthly on second Thursday from October, 1932, 
to May, 1933 inclusive, at 7:45 at the Rochester Medical 
Association Building. 

Sr. Louis RoENtTGEN 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets first week of each month. Time and place of meet 
ings designated by president. 

SoutH Carouina X-Ray Sociery 
Secretary: Dr. R. B. Taft, 105 Rutledge Ave., Charleston, 

Meets at time and place of South Carolina State Medical 
Association. 

Texas Sociery 
Secretary-Treasurer, Dr. C. P. Harris, Houston, Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. 

University oF MicuiGANn RoentceEN Ray Society 
Secretary, Dr. C. C. Taylor, University Hospital, Ann 
Arbor, Mich. 

Meets first and third Wednesday evening of the month 
from October to June, at 8 o'clock in the amphitheatre of 
the University Hospital. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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VircintiA RoeENTGEN Ray 
Secretary, Dr. Wright Clarkson, 205 S. Sycamore St., 
Petersburg, Va. 
Meets annually in October. 


CuBa 
SoclEDAD CuBANA DE RADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Luis Farifias, Animas 110, Havana, Cuba. 
Meets monthly in Havana. 


BritisH Empire 

British InstiruTE OF RapIioLoGy INCORPORATED WITH 
THE RONTGEN SOCIETY 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 Pp.M., at 32 Welbeck 
St., London, W. 1., or as advertised. 

ELecTro-THERAPEUTIC SECTION OF THE RoyAL Society 
or MepicinE (ConFINED TO Mepicat MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:30 p.m. at the Royal Society of Medicine, 1 
Wimpole St., London, W. 1. 

Section OF RaDIOLoGy Mepicat Ececrricity, Aus- 
TRALASIAN MEDICAL ConGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MeEpIcaL AssociaTION 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
St., Melbourne, Australia. 
Meets monthly at Melbourne during the winter. 

SecTion on Rapio.ocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 

RADIOLOGICAL Section, NEw ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ- 
church. Meets annually. 


ConTINENTAL EuROPE 


BELGIAN SociETy OF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Allies, 134, Louvain, 
(Belgium). 
Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 
SoclETE DE RaDIOLoGciE MEDICALE DE FRANCE 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
Société SuissE DE RADIOLOGIE (SCHWEIZERISCHE ROnr- 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molzgasse, 
Biel. 
Meets annually in different cities. 
SociéTE FRANCAISE D’ELECTROTHERAPIE ET DE RaADIOL- 
oGiE MEDICALE 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 
AssociATION OF GERMAN ROENTGENOLOGISTS AND RabDI- 
OLOGISTS IN CZECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11/52. 
DeutscHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 
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Meets annually in April in different German cities, at 
least once in five year in Berlin. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Du'rcn Society oF ELECTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Socreta ITALIANA RaDIOLocia MEDICA 
Secretary, Professor M. Ponzio, University of Turin, 
Turin. 

SocrETATEA RoMANA DE RADIOLOGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine 30 
Bucarest, Rumania. 

Meets second Monday in every month with the excep- 
tion of July and August. 

A.t-Russian Roentcen Ray Association, LENINGRAD, 
USSR, in the State Institute of Roentgenology and Radi- 
ology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RoENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.isH SociETY OF RADIOLOGY 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Po.isH Society oF RADIOLOGY 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime. 

Society oF MEpicaL RADIOLOGY OF SWEDEN 
Meets in Stockholm. 

Society oF Mepicat RapioLocy In Norway 
Meets in Oslo. 

Society oF Mepicat RapioLocy DENMARK 
Secretary, Dr. H. Scheuermann, Copenhagen. 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the State 
Institute of Roentgenology. 

Society oF Mepicat Rapio.ocy In FINLAND 
Meets in Helsingfors. 

VIENNA SOCIETY OF ROENTGENOLOGY 
Meets first Tuesday each month, October to July. 


ORIENT 
Japan X-ray AssociaTION 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 
Ki1nkK1 ROENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike, Kyoto, 
Japan. Meets bi-monthly on third Sunday. 
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THE AMERICAN COLLEGE 
OF PHYSICIANS 


The American College of Physicians will 
hold its Eighteenth Annual Clinical Session in 
Chicago, with headquarters at the Palmer 
House, April 16-20, 1934. 

Announcement of these dates is made 
particularly with a view not only of apprising 
physicians generally of the meeting, but also 
to prevent conflicting dates with other societies 
that are now arranging their 1934 meetings. 

Dr. George Morris Piersol, of Philadelphia, 
is President of the American College of Phy- 
sicians, and will arrange the Program of Gen- 
eral Sessions. Dr. James B. Herrick, Emeritus 
Professor of Medicine of Rush Medical College, 
Chicago, has been appointed General Chair- 
man of local arrangements and will be in charge 
of the Program of Clinics. Mr. FE. R. Loveland, 
Executive Secretary, 133-135 S. 36th Street, 
Philadelphia, Pa., is in charge of general and 
business arrangements, and may be addressed 
concerning any feature of the forthcoming 
Session. 


MALIGNANCY IN RADIO- 
ACTIVE PERSONS* 
' To the Editor of Tue Lancer 

Sir,—In a recent leading article (Dec. 31st, 
1932, p. 1439) you say that in 1926 Dr. Mart- 
land was the first to publish observations on 
this important occupational affection. For the 
sake of historical accuracy, I desire to call your 
attention to the fact that at the annual meeting 
of the industrial medicine and public health 
section of the American Medical Association 
held in Atlantic City in May, 1925, I presented 
unmistakable evidence of this fact on the basis 
of my own investigation which, as far as | 
know, was the first made public on that ques- 
tion. 

My investigation was an original study of the 
facts of the disease as it appeared in a number 
of girls employed in the radium plant in Or- 
ange, near Newark, New Jersey. The reprint 


* From The Lancet, Feb. 25, 1933, 7, 441~-442.- 


May 


» 1933 


of my paper contained all the essential facts, 
establishing the occupational origin of this dis- 
ease to which I gave the name radium (meso- 
thorium) necrosis. But it requires to be said, as 
pointed out in my address, that as early as Sep- 
tember, 1924, Dr. Theodore Blum, a dentist in 
New York City, in an address before the 
American Dental Association referred to it in 
an obscure footnote reading as follows: 


“During January, 1924, there came under my ob- 
servation a case of osteomyelitis of the mandible and 
maxilla, somewhat similar to phosphorus necrosis, 
which, however, was caused by some radio-active 
substance used in the manufacture of luminous dials 
for watches. The condition has been termed ‘radium 
jaw.”” 


This note, however, attracted no attention, 
and has not, as far as I know, been referred to 
by anyone writing on the subject. 

I concluded my paper with the remark: 

“In any event, however, we are dealing with an 
entirely new occupational affection demanding the 
utmost attention on the part of those who are in a 
position to render the necessary technical assistance, 
but at the same time it is a safe assumption that if 
the insanitary habit of wetting the brush with the 
lips is done away with the disease itself will probably 
tend to disappear, or in any event become extremely 
rare. 


This conclusion has been fulfilled since there 
have been no entirely new cases in the mean- 
time, although old cases have increased as the 
facts have come to public notice. | recently 
had a call from the first case seen by me, a 
young woman about 32 years of age, who is 
now in reasonably good health and free from 
all pain, suffering only from a shortened limb 
after the disease had settled in the pelvis. 

Dr. Martland has done outstanding service 
in giving technical attention to the true 
nature of this affection, and his papers on the 
subject are classics in medical literature. By a 
fortunate coincidence his services were avail- 
able to the girls since he is city physician in 
Newark, New Jersey. 

I am, Sir, yours faithfully, 
KREDERICK L. HorrmMan 
Wellesley Fills, Massachusetts, Feb. 2nd, 1933 
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BOOK REVIEWS 


THe 1932 Year Book or RapioLocy. Diag- 
nosis, edited by Charles A. Waters, M.D., 
Associate in Roentgenology, Johns Hopkins 
University; Assistant Visiting Roentgen- 
ologist, Johns Hopkins Hospital. Thera- 
peutics, edited by Ira I. Kaplan, B.Sc., M.D., 
Director Division of Cancer, Department of 
Hospitals, City of New York; Visiting Radia- 
tion Therapist, Bellevue Hospital. Cloth. 
Price, $6.00. Pp. 750, with 498 illustrations. 
Chicago: The Year Book Publishers, 1932. 
Busy roentgenologists endeavoring to keep 

abreast of the times in all branches of medicine 
as well as their own specialty cannot hope to 
peruse all the literature in the numerous pub- 
lications. The privilege of having the important 
articles selected, abstracted and arranged in 
one volume is therefore one that should be 
appreciated. 

In addition to selecting the most interesting 
and valuable papers from our own leading 
radiological journals which are available to all 
roentgenologists, the authors have gleaned 
from numerous state journals and have thor- 
oughly searched the foreign field. A’ rapid 
survey shows over seventy of these publications 
including those from England, Canada, Aus- 
tralia, New Zealand, France, Germany, Italy, 
Austria, Switzerland, Norway, Sweden, Spain, 
Russia and China. 

The book is not a haphazard collection but 
the abstracts are carefully assembled and cor- 
related, about equal parts of the volume being 
devoted to diagnosis and therapy, and each 
subject being grouped under the body system 
involved. 

Among the interesting articles on the os- 
seous system in the diagnostic section are de- 
scriptions and illustrations of Michaelis’ dis- 
ease, of nine different types of tumors of the 
scapula, numerous tumors of other bones, 
melorheostosis, lead poisoning, knee joint 
pneumography and contrast diagnosis, and 
many others of almost equal importance. 
Notable among articles on the glandular 
system are those on hepatosplenography, 
thorotrast, sialography, visualization of lymph 
nodes and breast roentgenography. The gastro 
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intestinal review includes gastrophotography, 
the use of the pneumatic compressor, mucosal 
mapping, gastric neurinoma, intestinal poly- 
posis, and amebiasis of colon. 

Respiratory abstracts deal with 
azygos lobes and scissuritis, actinomycosis of 
the lung, free fibrin bodies in the pleural space, 
and traumatic diaphragmatic hernia. In the 
cardiovascular section we find methods of 
cardiac mensuration, heart en cuirasse, cardiac 
aneurysm, kymoscopy and _ visualization of 
varicosities. Meteorism as a cause of trouble- 
some shadows in genitourinary work, luizym 
preparation for pyelography and Carhart’s 
original method for estimating kidney function 
are high lights in the next section. The neuro- 
logical papers include interesting brain tumors 
and an intriguing exposition of cerebral arteri- 
ography. To complete the diagnostic portion 
several pages are given over to new develop- 
ments in technique, medico-legal work and 
teaching problems. 

Noteworthy features of the division of ther- 
apy are discussions of total body exposures in 
skin diseases, radium and radium ointment in 
treatment of roentgen carcinoma and late 
roentgen injuries, grenz-ray therapy, injuries 
to the eve from roentgen therapy, treatment of 
diseased tonsils by radon, treatment of acute 
mastoiditis, evaluation of technique and results 
of Coutard’s therapeutic methods by several 
prominent therapists, irradiation of the barium- 
filled stomach for carcinoma and treatment of 
prostatic hypertrophy. Of considerable inter- 
est are discussions of the irradiation of the 
medulla oblongata in hypertension, irradiation 
of the suprarenals in dry gangrene of the ex- 
tremities, radiation therapy of angina pectoris, 
epilepsy, trigeminal neuralgia, radiculitis, pro- 
static hypertrophy, painful heel due to gono- 
coccal infection and roentgen-ray and radium 
injuries. 


system 


This greatly abbreviated list of subjects, 
though an incomplete résumé of the contents of 
the Year Book, should give one an appreciation 
of its store of information. 

In addition to the abstracts, Waters and 
Kaplan have exercised the editorial privilege of 
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making a brief comment at the close of many 
articles. While the editorial opinion may not 
always coincide with that of the author or 
reader it certainly adds to the value of the work 
to have the opinion of leading roentgenologists 
to assist one’s judgment in setting a value upon 
the assertions of the author. The policy of the 
editors is also to be commended in including 
some articles which contain little that is strictly 
new but which are well worth reviewing and 
re-emphasizing. 

‘Minor criticisms may be made, such as the 
presence of inverted cuts and the incomplete 
subtitles in the case of some of the illustrations 
which are of necessity removed from the de- 
scriptive matter in the text. These are excus- 
able in a volume hurried in publication as such 
a book must be. 

The book is recommended to all roentgenol- 
ogists and all other medical men who wish to 
keep informed on the newer developments in 
the medical world. Those who purchase the 
Waters and Kaplan Year Book will be well 
rewarded and will look forward to the privilege 
of obtaining a similar volume for 1933. 


E. W. Haut 


ROENTGENOLOGISCHE BEOBACHTUNGEN UBER 
DIE BEWEGUNGEN DER  WIRBELSAULE. 
(Roentgenologic observations on the mo- 
tions of the vertebral column.) (4cta radiol., 
Suppl. xu.) Von Sigvald N. Bakke, Stad- 
tisches Krankenhaus “‘Haukeland,” Bergen. 
Paper. Price, Swed. crowns 10.00. Pp. 75, 
with 24 illustrations. Stockholm: P. A. Nor- 
stedt & Séner, 1931. 

A perusal of the literature shows that the 
conceptions on the motion of the vertebral 
column and its mechanics are quite divergent. 
The author made use of the roentgen procedure 
and he found that this method, contrary to 
what has been said by other investigators, es- 
pecially Miller, may be used to advantage. The 
material included 24 females and 20 males be- 
tween the ages of three and seventy-nine years. 
The roentgenograms were made with the 
Potter-Bucky diaphragm, at a distance of 150 
cm., either in the erect but mostly in the re- 
cumbent position. The angulation of the ver- 
tebrae was then measured and the degree of 
flexion in both the anteroposterior and lateral 
views estimated. The following findings were 
obtained: 

1. Dorsal and ventral flexion: (a) Cervical 
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spine. The greatest flexibility was encountered 
between the fifth and sixth segments, the total 
value reaching 20.4° (dorsal flexion, 16.6°; 
ventral flexion, 3.8°). The flexibility of the en- 
tire cervical spine amounted to 80.s° (dorsal, 
64.2°; ventral, 16.3°). (6) Thoracic spine. Here 
the greatest flexibility was found between the 
first and second segments, amounting to g.8° 
(dorsal, 4.8°; ventral, 5.0°). In the rest of the 
segments the total flexibility amounted to an 
average of 5°. It must be mentioned, however, 
that the dorsal flexion in this part of the spine 
was the smallest, corresponding to only 0.1° 
between the fourth and fifth segments. Pro- 
ceeding downwards, the dorsal flexibility in- 
creased. The flexibility of the entire thoracic 
spine amounted to 67.9° (dorsal, 220;°; ventral, 
45.9°). (c) Lumbar spine. The greatest flexi- 
bility was here encountered between the fourth 
and fifth segments, corresponding to about 13°. 
Between the fifth lumbar and first sacral seg- 
ment the flexibility increased to 23 to 24° (dor- 
sal, 21 to 22°; ventral, 1 to 2°). The flexibility 
of the entire dorsal spine amounted to 70.6° 
(dorsal, 54.2°; ventral, 16.4°). 

The dorsal and ventral flexibility of the en- 
tire spine amounted to 219° (dorsal, 140.4°; 
ventral, 78.6°). These figures compared with 
those of other investigators as follows: Fick, 
428° (dorsal, 225°; ventral, 203°), and Weber, 
334° (dorsal, 141.7°; ventral, 192.3°). 

2. Lateral flexion: (a) Cervical spine. The 
greatest amount of lateral flexibility was en 
countered between the third and fifth segments, 
corresponding to 6°, the flexibility of the total 
cervical spine amounting to 23°. (4) Dorsal 
spine. Here the lateral flexibility is distributed 
quite evenly, corresponding to about 2 or 3° 
for each segment, so that the flexibility of the 
entire cervical spine gives a value of 30.6°. (c) 
Lumbar spine. The greatest flexibility in this 
region was found between the second and fifth 
segments, corresponding to 7 to 8°. The flexi- 


bility of the entire lumbar spine amounted to 


4° 


“7. 
The flexibility of the entire vertebral column 
amounted to 75 to 80° (the figure of Fick is 
165°). All in all, the figures are quite different 
from those of other investigators. The author 
also found that, contrary to what was believed, 
the flexibility of the individual segments de- 
creases or increases gradually from vertebra 
to vertebra, there being no inflexible segments 
in any part of the vertebral column. 
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Twenty-four figures (mostly roentgeno- 
grams) are appended illustrating the method of 
procedure. 


T. Leucutia 


TECNICA RADIOLOGICA PER L’ESAME DELLA 
COLONNA VERTEBRALE. (Roentgen technique 
of examination of the vertebral column.) By 
Kermo Mascherpa. Estratto dalla pubblica- 
zione edita a cura della casa edile per le assi- 
curazioni sociali di Milano. Anno 10. 

This monograph deals, as the title indicates 
with roentgen technique of the examination of 
the spine. The fundamental principles which 
are discussed in the first part are the necessity: 
(1) of using various projections, (2) of using 
various positions, (3) of using various directions 
of the radiation beam, (4) of directing the cen- 
tral ray over the part to be examined, and (5) 
of supplementing the examination with a 
roentgenogram of the entire spine. 

The author then describes the instrumenta- 
rium (tube stands, Potter-Bucky diaphragm, 
compressing cones, auxiliary apparatus, etc.), 
the general technique (teleroentgenography, 
stereoroentgenography, roentgenography with- 
out intensifying screens), and the special 
methods used for the different portions of the 
spine. These latter are arranged in a tabular 
form. 

In summarizing, the following recommenda- 
tions are made: (1) One should always use a Pot- 
ter-Bucky diaphragm even in teleroentgenog- 
graphy; (2) the optimum distance corresponds 
to 1.20 meters; (3) 1n addition to a roentgeno- 
gram of the ensemble, films should be made of 
the particular portions involved with use of a 
compressor (according to Dyes); (4) the patient 
should be examined in all positions: in case of 
static disturbances in the erect, otherwise in the 
recumbent position; (5) the fundamental pro- 


jections are the sagittal, lateral and oblique, 


but other projections should be added in spe- 
cial cases; (6) the softest ravs should be used. 
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In case of curvature of the spine the central ray 
should always be directed to the center of the 
curvature. 

A bibliography of go articles is appended. 


T. Leucuria 


A Review or THE Work OF THE RADIUM AND 
Deep THERAPY DEPARTMENT, 1924-1931, 
Christchurch Hospital, New Zealand. By 
P. Clennell Fenwick. Pp. 16. 1931. 

This short pamphlet constitutes the Sixth 
Annual Report of the Radium Department of 
Christchurch Hospital, New Zealand. The in- 
stitution owns a total of 659 mg. of radium 
element and is equipped with a deep roentgen 
therapy apparatus, permitting the treatment of 
all types of cancer. The number of patients dur- 
ing the last six years was 1,420 and is increas- 
ing yearly. 

The report gives in a brief résumé the meth- 
ods of treatment used in gynecological cancer, 
uterine fibroids, cancers of the breast, skin, buc- 
cal cavity, lip, larynx, bladder, prostate, penis 
and rectum, and of some non-malignant condi- 
tions. The methods, as a rule, coincide with 
those used in other institutions, the general 
principle being that every surgical operation 
for malignant disease should be preceded and 
followed by roentgen treatment in the hope that 
any wandering cancer cells that have escaped 
the limits of operation may be destroyed and 
thus metastasis prevented. In the concluding 
chapter, several accessory methods are briefly 
enumerated, among these the use of insulin 
either alone or in conjunction with radium 
packs, the use of sodium oleate, and the admin- 
istration of morphia (1/3 gr. daily), the im- 
pression being gained that they all have certain 
advantages. In conclusion, the opinion is ex- 
pressed that radium has earned its place as the 
greatest ally in the treatment of malignant 
disease that has ever been granted to the medi- 
cal profession. 


T. Leucuria 
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A NEW APPARATUS FOR ENCEPHALOGRAPHY* 


By S. H. EPSTEIN, M.D., and S. S. HANFLIG, M.D. 


BOSTON, MASSACHUSETTS 


UR purpose in this paper is to describe 
a new apparatus designed to facilitate 
the performance of encephalography. In a 
previous communication,! it was pointed 


Fic. 1. 


Fic. 2. 


out that the use of non-volatile anesthetics 
tended to mitigate the severity of the after- 
effects, and to make the procedure less 
disturbing for both the patient and the 


* From the Boston Psychopathic Hospital. 

! Solomon, H. C., and Epstein, S. H.: Encephalography un- 
der narcosis produced by nonvolatile anesthetics. 7. 4m. M. Ass., 
1932, 98, 1794-1796. 


operator. It was further shown that by 
this method, the roentgenologist had no 
interference with his technique from the 
patient. This is of especial advantage in 
dealing with psychotic, disturbed, or fear- 
ful patients. 

Kor the construction of a suitable ap- 


Fic. 3. 


paratus, certain definite requirements had 
to be met. During the induction of the 
anesthesia, the patient should be held in a 
recumbent position. Since the patient is in 
a state of muscular relaxation, it is neces- 
sary to hold the patient securely as the 
change to the sitting position is made. Fur- 
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thermore, the security of the patient in the 
upright position must be maintained while 
the lumbar puncture 1s being done. For the 
air injection, it is important to be able to 
obtain various angles of the sitting position. 
This makes for the filling of both the sub- 
arachnoid spaces of the head and the ven- 
tricles. It has been pointed out previously 
that the best filling of the ventricles is ob- 
tained when the head and trunk are in the 
erect position, whereas with the head and 
trunk bent forward or backward, the sub- 
arachnoid spaces are more readily filled. To 
ensure complete emptying of the cerebro- 
spinal fluid system and the replacement by 
air, it 1s considered advisable to move the 
head from side to side, and backward and 
forward at the neck as the air injection 
proceeds. In order to allow for flexion, ex- 
tension and rotation of the head, a movable 
head rest is required, which will hold the 
head in any desired position with a mini- 
mum of adjustment. Finally, it was desired 
to design an apparatus which could be used 
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as well by the roentgenologist in the mak- 
ing of the encephalograms with the least 
disturbance to the anesthetized patient. 

The apparatus described herein, we be- 
lieve, fulfills these conditions. As may be 
seen in Figure 1, it consists of a flat stretcher 
of iron pipe, with wooden inserts, mounted 
on wheels. It is so arranged that it can be 
broken at the knees and hips to obtain vari- 
ous angles of the sitting position (Fig. 2). 
Bending at the hips is controlled by a 
ratchet and sliding bolt device, so that the 
patient’s trunk can be bent forward and 
held in any desired angle, as shown in 
Figure 3. In order to drop the knees, the 
distal segment of the stretcher is arranged 
to descend through an arc and its descent 
is controlled by two notched curved bars 
which lock on a cross piece. 

The patient is held in the chair by a 
heavy abdominal strap, fastened to both 
sides of the upper segment of the stretcher, 
and also by two shoulder straps. The latter 
pass from the back of the stretcher through 
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the opening in the wooden insert to the 
front and over the anterior aspect of the 
shoulders, and then continue over the 
back of the patient, and are fastened by 
buckles on the back of the wooden frame. 
Figure 3 shows how the patient is held in 
the sitting position by the head piece and 
abdominal and shoulder straps. The at- 
tachments of the shoulder straps are seen 
clearly in Figure 4. The close-up (Fig. 
demonstrates the shoulder straps passing 
under the patient’s axilla, which is pro- 
tected by a felt pad, and then over the 
shoulders to be fastened behind. 

As noted in the photographs, the height 
of the head piece is controlled by a square 
rod which slides up and down through a 
square opening in the upper end of the 
stretcher. This may be fixed in any desired 
position by a set screw. Forward and back- 
ward motion of the head piece may be ac- 
complished by a revolving device superim- 
posed upon the iron pipe across the upper 
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end of the stretcher. The forward and back- 
ward swing of the entire head piece is con- 
trolled by another set screw which fixes 
the square opening in the upper end of the 
stretcher as it rotates on its transverse 
axis. The combination of these two set 
screw adjustments allows up and down, 
forward and backward, movements of the 
head piece. In addition, there is a universal 
joint at the lower end of the head rest, the 
movements of which are controlled by a 
screw handle, shown clearly in the close-ups 
(Figs. § and 6). In this way, one can ac- 
curately adjust the aluminum cap to the 
contour of the head and rotate the head 
in any desired direction, as shown also in 
Figures 7 and 8. 

Figures 4 and g demonstrate the manner 
in which the lumbar puncture and the air 
injection are done in the upright position. 
For this purpose, there is a large rectangu- 
lar opening in the upper segment of the 
stretcher through which access may be ob- 
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tained to the usual site of lumbar puncture. 
We use the two-needle method, allowing 
the fluid to escape from the lower needle, 
and injecting the air and registering pres- 
sures by means of the upper needle. 

We have used the apparatus according to 
the technique described in our previous 
paper on encephalography and we have 
found it extremely useful. The patient lies 


Fic. 


on the stretcher while the narcosis is in- 
duced. He is then brought to the upright 
position by a ratchet and sliding device 
described above and held securely by the 
head piece, abdominal and shoulder straps, 
while the lumbar puncture is being done. 
The changes in the position of the head 
during the injection of air may be easily 
accomplished by an assistant by means of 


| 
Kic. 8. 
Fic. 10. lic. 11. 


702 S. H. Epstein and S. S. Hanflig 


Kic. 12. Normal encephalogram, anteroposterior 


view. 


the screw handles. During this period, 
the patient is completely anesthetized, and 
the operator is not disturbed by sponta- 


Kic. 13. Normal encephalogram, lateral view. 
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Fic. 14. From a case of general paresis, showing ex- 
tensive cortical atrophy and enlargement of the 
ventricles. 


neous changes in position of the patient. 

The roentgenograms are made with the 
patient in a state of anesthesia, which en- 
ables the roentgenologist to place the head 
in any desired position and prevents spon- 


Fic. 15. Unilateral cortical atrophy with enlarge 
ment of the lateral ventricle on the same side in a 
case of chronic encephalitis of long standing. 
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taneous movement of the head while the 
roentgen exposure is being made. By the 
use of the encephalography chair, roent- 
genograms of the head in the erect position 
may be made, the patient sitting up. For 
this purpose the roentgenologist is further 
aided by a device* shown in Figures 10 and 
11. The roentgen film in its cassette is sus- 
pended vertically on a wooden block fas- 
tened to a set of iron-pipe cross bars which 
are firmly screwed into the wall. The pa- 
tient sitting in the chair is wheeled directly 
alongside this, and the cassette is lowered 
so that the head comes in close apposition 
to it. The cassette may also be tilted for- 
ward by a long screw adjustment. This 
makes it possible to obtain close apposition 
to the head in taking pictures in the antero- 
posterior view, as indicated in Figure 11. 
The roentgen tube may then be rotated in 
any desired angle in order to obtain various 
views of the ventricles. 
Figures 12, 13, 14, 15 and 16 show the 
* This piece of apparatus was designed and 


Mrs. Anna Morgan, x-ray 
chief engineer. 


constructed by 


technician, and Mr. Jesse Philips, 
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Kic. 16. Enormous enlargement of the lateral ven 
tricle in a case of general paresis. 


roentgenographic results of the technique 
as described in this paper. 


This work was aided by a grant from the State 
Department of Mental Diseases through the efforts 
of Dr. H. C. Solomon, to whom we are indebted for 
inspiring stimulation and helpful suggestions. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN AND RADIUM 
THERAPY 


Gisert, Paut. Evolution d’une lymphogranu- 
lomatose. (Evolution of a case of lympho- 
granulomatosis.) Bull. et mém. Soc. de radiol. 
méd. de France, June, 1931, 79, 273-278 


78. 

The author discusses in lengthy detail a case 
of lymphogranulomatosis which he observed 
from its earlier stage and which following the 
administration of roentgen therapy lived for a 
period of over five years. The interesting fea- 
ture is that the application of very large doses 
of roentgen rays (a total of 31,000 R given over 
the clavicular region for a period of five years 
with 0.5 mm. Zn or 10 mm. Al) failed to pro- 
duce any noticeable changes of the skin such as 
telangiectasis or atrophy. Thus it seems that 
by fractionating the dose and by spacing it 
properly one can administer an unlimited 
amount of radiation over a certain area.—T. 
Leucutia. 


Nemenow, M. Neue Wege bei der Leukamie- 
behandlung. (New method of treating leuce- 
mia.) Strahlentherapie, 1931, £7, 77-85. 

The author refers to the work of Jugenburg 
and Tschotschia, done in his clinic, which shows 
the importance of purin metabolism in leuce- 
mia. The severity of the clinical picture de- 
pends on the amount of uric acid in the blood 
and urine. The better the condition of the kid- 
neys, the better chance the organism has to 
overcome the disease. He has found by autopsy 
and histological examination of the kidneys 
that they are very frequently infiltrated with 
myeloid or lymphoid tissue, depending on the 
kind of leucemia the patient has. This exercises 
pressure on the kidney parenchyma and im- 
pairs its function, and of course the flooding of 
the organism with the toxic products of albu- 
min catabolism also impairs kidney function. 

He therefore proposes irradiating the kidneys 
before giving the usual irradiation of the spleen 
or bone marrow and lymph glands. He irradi- 
ates first the right and then the left kidney, the 
right first in order to avoid irradiating the 
spleen at the same time. In favorable cases 
after irradiation of the kidneys with a dose of 


225-250 Rk there is a rapid decrease of the uric 
acid in the blood and an increase of that in the 
urine. This shows that the “blockade’’ of the 
kidneys has been overcome. Then the usual ir- 
radiation of the spleen or of the bone marrow 
and lymph glands is given. He also keeps the 
patients on a diet as free of purin as possible. 
The roentgen doses must be small to avoid 
Hooding the organism with products of cell dis- 
integration. 

Two typical cases are described in which 
there was great improvement after irradiating 
the kidneys, though in one of them the patient 
had grown worse after the usual method of ir- 
radiation. It seems probable that a number of 
the symptoms in subacute leucemia are caused 
by the accumulation of uric acid and other 
products of albumin catabolism in the blood 
and the intoxication caused by them. The or- 
dinary roentgen irradiation in such cases may 
make the patient’s condition worse by increas- 
ing the breaking down of cells. The preliminary 
kidney irradiation frees the blood of the accu- 
mulated products of protein catabolism. 

The question of whether the rays act on the 
kidneys only by relieving them of the pressure 
of the lymphoid or myeloid infiltration or 
whether in some way they increase the function 
of the secreting kidney cells is as vet unsettled. 
It has been shown that roentgen irradiation 
may increase diuresis.—./udrey G. Morgan. 


JuGensurc, Anna, and Tscuorscuia, K. Neue 
Ergebnisse zum Verstandnis des Leukamie 
verlaufes. (New information in regard to the 
course of leucemia.) Strahlentherapie, 1931, 
86-100. 


In leucemia the blood is flooded with enor- 
mous numbers of leucocytes which are destroyed 
rapidly so of course there are profound dis- 
turbances of purin metabolism. The authors 
made a study of purin metabolism in 46 cases of 
leucemia, 21 of the myeloid form and 25 of 
lymphatic leucemia. They describe illustrative 
cases and give curves showing the number of 
leucocytes, the amount of uric acid in the blood 
and in the urine and the uric acid quotient, 
that is, the proportion between the uric acid in 
the blood and that in the urine. The normal 
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amount of uric acid in the blood is 3-4 mg. per 
cent and the normal amount in the urine is 0.5 
to 0.6 gm. This gives a normal uric acid quo- 
tient of 6-6.6. The quotient may be increased in 
leucemia as a result of increased destruction of 
leucocytes and consequent accumulation of uric 
acid in the blood or as a result of decreased ex- 
cretion through insufficient kidneys. In the 
roentgen treatment of leucemia in the favor- 
able cases there is increased excretion of uric 
acid in the urine and therefore a decrease of the 
quotient. In cases of leucemia that show an un- 
favorable course there are serious changes in 
the kidneys. These changes are partly degener- 
ative in nature and partly brought about by 
myeloid or lymphoid infiltration of the kidneys. 
In fatal cases there is always decreased excre- 
tion of uric acid and accumulation of it in the 
blood. In the roentgen treatment of leucemia it 
is Just as important to determine the uric acid 
quotient as it is to make blood examinations. 
Any considerable increase in the quotient shows 
threatened intoxication. In the treatment of 
leucemia care must be taken to relieve the body 
of both endogenous and exogenous uric acid. So 
the diet must be as free of purin as possible and 
in roentgen treatment as small doses as possible 
must be used. It must be assumed that every 
patient with leucemia has more or less insufh- 
cient kidney function...dudrey G. Morgan. 


Hi Bt. }. A. Nouvelles observations des etfets 
de la radiothérapie de la région hypophyso- 
thalamique. (New observations of the effects 
of radiotherapy of the hypophyso-thalamic 
region.) Bull. et mém. Soc. de radtol. méd de 
France, Nov., 1931, 79, 450-451. 

In a previous article (see abstract this 
Journal, July, 1931, 26, 133-134) the author, 
on the basis of two clinical observations, ex- 
pressed the opinion that roentgen therapy of 
the region of the pituitary gland acts also on 
the regulatory center of water metabolism, a 
close association existing between the two. 
Numerous observations since that time induced 
the author to somewhat change this opinion. 
He now believes that the good etfect is due to 
the action of the roentgen rays on the choroid 
plexus which, as is known, is very radiosensi- 
tive. There is also a difference between the 
response of the anterior and posterior lobes of 
the hypophysis, this latter being the more 
radiosensitive of the two. In several instances 
with congestion of the posterior hypophyseal 
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lobe good results were obtained from irradi- 
ation.—T. Leucutia. 


Wassink, W. F. Die postoperative Réntgen- 
bestrahlung des Brustkrebses in der Klinik 
des Niederlandisch Krebsforschungs-insti- 
tuts. (Postoperative roentgen irradiation of 
cancer of the breast at the clinic of the 
Netherlands Cancer Research Institute.) 
Strahlentherapie, 1931, 42, 753-758. 

The author uses a classification which he 
thinks more practical than the one usually in 
use. He divides the cases into four groups: Al 
without metastases, A2 with central metastases 
in the axilla, B1 with peripheral metastases in 
the axilla and B2 with metastases that have ex- 
tended beyond the axilla. In the first two 
groups the cancer is probably localized. Ordin- 
arily the last group is considered inoperable 
and not counted in surgical statistics. He dis- 
cusses his results in 137 cases, 38 in group Al, 
23 in group A2, 31 in group Bi and 45 in group 
B2. In the first group 28 are still alive, 8 have 
died of intercurrent disease and 2 of recurrence 
or metastasis. In the second group 1¢ are still 
alive and 8 have died of recurrence or metasta- 
sis; in the third group 4 are still alive, 4 have 
died of intercurrent disease, 22 of recurrence or 
metastasis and 1 is unknown; in the fourth 
group 4 are still alive, 3 have died of inter- 
current disease and 38 of recurrence or metas- 
tasis. All these cases have been under observa- 
tion for from three to seven years, making a 
percentage of recovery for from three to seven 
years in 93.3 per cent of the first group, 65.2 
per cent of the second, 14.8 per cent of the third 
and g.5 per cent of the fourth. This is better 
than the results reported in most statistics. He 
attributes this to the fact that his method pre- 
vents subcutaneous recurrences. 

He performed a typical surgical extirpation, 
cleaning out the axillary and infraclavicular 
spaces and in a few cases the supraclavicular 
fossa. This was followed by 3 series of roentgen 
irradiations. The first series of 600 r was given 
in the course of ten days two weeks after the 
operation; the second series of 400 r was applied 
in five days six to eight weeks after the opera- 
tion; the third series of 400 r was given in five 
days ten to fourteen weeks after the operation. 
The irradiation was given over 4 fields, one 
supraclavicular, one in the axilla and two large 
fields tangent to the thorax.—dudrey G. 
Morgan. 
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Lynuam, J. E. A. Pre- and post-operative 
treatment of cancer of the breast by radia- 
tion (metastasis excluded). Brit. ¥. Radiol., 
Nov., 1931, 4, $34-560. 

This paper represents the present concepts on 
the value of pre- and post-operative radiation in 
cancer of the breast, as delivered in the joint 
session of the Third International Congress of 
Radiology in Paris. The author emphasizes 
that whereas he has collected information from 
many papers in the literature, from private 
communications and personal observations, he 
does not hesitate to incorporate ideas which 
are not widely accepted. 

All early carcinomas of the breast should be 
treated by operation whenever this can be 
safely performed. Unfortunately 75 to 9s per 
cent of all cases already show evidence of 
more or less wide dissemination when they first 
come under observation. The results obtained 
depend not so much on the histology of the 
tumor as on the stage of involvement. The 
author endorses in this respect the classification 
of Steinthal and Anchutz, placing all car- 
cinomas in the three well-known groups. There 
can be no doubt that the cases belonging to 
Group 1 owe their lives to surgery, whereas in 
Group 111 no appreciable effects are produced. 
It is in Group 1 that radiation as a therapeutic 
measure is put to test in conjunction with 
surgery whether before or after operation. In 
surgery alone the figures for three-year sur- 
vivals in this group are given as 50 per cent, 
while with postoperative irradiation the num- 
ber is 75 per cent. The five-year figures are 
given as 40 per cent for surgery alone and 56 
per cent for surgery followed by roentgen 
irradiation. 

The value of the three or five-year survival 
percentage is open to discussion. From the 
figures of the London Medical Society the 
critical period for recurrence appears to be the 
first three years and there is a further period of 
danger from eight to ten years after the exci- 
sion. It would almost seem that there is a 
periodicity in the reaction of a carcinoma to the 
forces of resistance in the host. 

Concerning the value of pre- and_ post- 
operative irradiation no definite conclusions 
can be reached as yet. It seems that preopera- 
tive irradiation whenever applied should aim 
at the inhibition of the active carcinoma cells 
and therefore it should be relatively intense. 
The postoperative irradiation has a double 
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duty to perform: first, it should affect the un- 
suspected, attively dividing cells growing in the 
tissues, and therefore the first series of ex- 
posures should in general follow the principles 
of preoperative irradiation. Afterwards the 
question of latent cells has to be considered and 
it seems probable that they can be controlled 
only by divided doses extended over a pro- 
longed period and including wide areas of the 
body. With this aim in mind, British radiolo- 
gists, including the author himself, use a 
technique resembling somewhat that of Pfahler, 
but not so rigid in detail. An effort is made at 
the beginning to produce a mild reaction in the 
tissues, which is followed up by spaced out 
treatments extending over two or three months, 
followed by an interval and repeated with 
diminishing intensity. 

It has become the practice of many surgeons 
to use radium needles in the tissues in the line 
of lymphatic drainage at the time of operation. 
Whereas the radium needles may be successful 
in many cases it seems to the author that the 
technical limitations do not as vet permit the 
general use of such a method, or if used it 
should be followed up by a prolonged course 
of roentgen rays spaced out as a prophylactic 
measure. 

The author concludes by stating that it is 
time that the enormous value of radiation 
treatment in the hands of skilled operators 
should be recognized. It must be admitted, 
however, that in the opinion of many the 
case is not vet proved. Much harm has resulted 
from the efforts of men whose training and 
experience is inadequate. In England there is 
established a central body, the British In 
stitute of Radiology, which has acquired an 


important position in relation to all aspects of 


radiologic practice and procedure and particu- 
larly with regard to education. It is increasing 
its influence from year to year. 

A voluminous bibliography is appended. 
T. Leucutia. 


Marcuioni. Radiothérapie profonde dans les 
laryngites hypertrophiques. (Deep radio 
therapy in hypertrophic laryngitis.) Bu//. ec 
mém. Soc. de radtol. méd. de France, Oct., 
IG31, 79, 416-419. 

Kive cases of hypertrophic laryngitis were 
treated successfully by roentgen therapy: 
0.3 mm. Cu and 2 mm. Al, 200 kv., 28 cm. 
distance, field g cm. in diameter, total surface 
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dose of 3000 Rk, two lateral fields centered over 
the superior region of the larynx, 6 seances of 
soo RK each, one seance every second day. 
Anatomically a disappearance of the hyper- 
tropic lesions of the larynx, with diminution 
in the thickness of the vocal cord and func- 
tionally a complete relief of the symptoms with 
disappearance of the hoarseness, laryngeal 
irritation, pain and dysphagia was obtained. 
The method is entirely harmless.-7T. Leucu- 
td. 


SERRAND, J. Roentgenthérapie de la maladie 
de Basedow. (Roentgen therapy of Base- 
dow’s disease.) y de radtol. et a’ électrol., 
Aug., 1931, 75, 447-450. 


Good results have been obtained from the 
roentgen irradiation of Basedow’s syndrome 
at the Roentgen Laboratory of Saint Louis 
Hospital in Paris for a number of years. One 
may distinguish three large groups of the 
syndrome: (1) true Basedow’s disease; (2) 
Basedow syndrome without goiter, and (3) 
toxic goiter. 

The technique of irradiation was as_fol- 
lows: Standard Coolidge tube, 135 kv. maxi- 
mum, filtered with 1 cm. Al (in case of huge 
goiters or refractory response 2c kv. max., 
with o.§ mm. Zn and 2 mm. Al or even with 1 
mm. Cu and 2 mm. Al), two lateral fields ex- 
tending widely over the manubrium sterni so 
as to include eventual aberrant thyroid and 
the thymus (in huge goiters three fields) ex- 
posed simultaneously, 3 Hor 600 R (Solomon) 
per field, treatment being repeated not sooner 
than fifteen days for a total of six to eight 
seances; after two months’ rest a second series, 
and following another rest of three months, 
perhaps a third series. 

Very good results were obtained in the true 
Basedow form and in the Basedow syndrome 
without goiter, whereas 1n toxic goiter the re- 
sults remained unfavorable. 

The author also discusses the immediate 
action of the roentgen ravs, the chronologic 
disappearance of the various symptoms as well 
as the local and general complications which 
may arise. He finally concludes with the state- 
ment that roentgen therapy represents the 
method of choice for the forms mentioned, 
surgery being reserved only for the very acute 
cases and those refractory to irradiation. 


T. Leucutia. 
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Cuaumer, G. Technique de polyradiothérapie 
associée a la médication interne dans les 
décalcifications localisées. (Technique of 
polyradiotherapy associated with internal 
medication in localized decalcifications.) 7. 
de radiol. et a’ électrol., Sept., 1931, 75, §10 
515. 

In cases of fractures with insufficient callus 
formation, the authors stimulate the local cal- 
cium deposit by proceeding thus: (1) Small 
repeated doses of roentgen rays are admin- 
istered over the affected area, 150 R with 15 
mm. Al filter, 130 kv., 22 to 31 cm. skin 
target distance, one seance every day or every 
other day until a total of 1,800 to 2,000 R is 
reached. The number of fields depends on the 
dimensions of the anatomic region, as for 
example, one external and internal field for the 
ankle, one anterior and two lateral fields for the 
thigh, etc., the duration of the irradiation 
being about fourteen days. (2) Application of 
ultraviolet rays every second day, with large 
fields over the thoraco-abdominal region, one 
exposure anterior and one posterior, the dura- 
tion being 4 to § minutes in the beginning and 
gradually increased to 25 to 30 minutes, 
whereas the distance diminishes from 1 meter 
so cm. to 0.go cm. The series comprises about 
18 to 20 exposures, depending on the reaction 
produced. (3) Internal medication of calcium 
phosphate for a period of fourteen days (cal- 
cium glycerophosphate and tricalcium phos- 
phate, aa 0.50, two capsules per day).—T. 
Leucutia. 


Despiars, R. Etudes thérapeutiques sur la 
radiothérapie fonctionnelle neuroglandulaire 
et particuli¢rement sur la radiothérapie de 
la région des capsules surrénales. (Thera- 
peutic studies on functional neuroglandular 
radiotherapy and_ particularly radio- 
therapy of the region of the suprarenal 
capsules.) de radiol. et électrol., Sept., 
I9Q31, 75, §502—-§0g. 

The author, in association with Langeron, 
has carried out a series of researches on func- 
tional neuroglandular roentgen therapy during 
the past four vears. It may be said now (1) 
that functional roentgen therapy has definitely 
established its value in arterial hypertension, 
arterial obliterations of the extremities and 
vasomotor disorders; (2) that some interesting 
results are obtained in diabetes mellitus, the 
moderately advanced cases responding rather 
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favorably whereas, in the advanced cases, no 
response or even aggravation is obtained, and 
(3) that recent casual results obtained in pain- 
ful osteoporosis, physiopathic disorders and 
chronic rheumatism, justify its further in- 
vestigation concerning the therapeutic value 
in these diseases. 

The technique used by the author is that 
indicated by Cottenot, the irradiation being 
directed to the paravertebral region between 
the second dorsal and third lumbar segments, 
12X12 cm. fields, 130 kv., 5 to 7 mm. Al, the 
total dose amounting to 2,000 Rr, generally 
divided into four seances over the two fields. 
The roentgen therapy of the suprarenal regions 
is practised with doses of 500 R per seance for a 
total of 1,500 to 2,000 R over each suprarenal 
region. 

The results obtained in the various above- 
named lesions, as well as the therapeutic action 
and immediate response, are discussed in de- 
tail—T. Leucutia. 


Pirrautr and Surmont, J. Radiothérapie 
sympathique péri-artérielle. (Periarterial 
sympathetic radiotherapy.) Bull. et mém. 
Soc. de radiol. méd. de France, Oct., 1931, 79, 
367-368. 

Good result was obtained in a case of trophic 
ulcer of an amputation stump of the leg by 
periarterial sympathetic roentgen therapy with 
the following technique: 1200 r (Solomon) per 
field, 0. mm. Zn and 1 mm. Al, 30 cm. dis- 
tance, 42 cm. spark gap, 12X12 cm. fields, in 
the respective order—anterosuperior femoral, 
anteroinferior femoral, popliteal space, poster- 
ior aspect of stump. The treatment was given 
every four days, a notable improvement oc- 
curring after the third exposure and complete 
cicatrization after the twelfth. It is notable 
that other methods of treatment which were 
tried before the institution of roentgen therapy 
remained without benefit.—T. Leucutia. 


O’Brien, F. W. The x-ray treatment of Hodg- 
kin’s disease. Radiology, Dec., 1931, 7/7, 
1197-1207. 

A short history of the disease is given. In the 
discussion as to whether Hodgkin’s disease is a 
malignant tumor or an infectious granuloma, 
Virchow, Kundrat, Oliver, Mallory, Levin, and 
Warthin, are cited as favoring the former view. 

While one thinks of Hodgkin’s disease as 
associated with lymph glands, liver, and 
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spleen, one must not forget that it manifests 
itself in other places; i.e. orbit, spine, and long 
bones. In evaluating the results of treatment 
one must remember the significance of age and 
sex in relation to duration of the disease. In- 
dividuals under thirty-four years are subject to 
the acute form, followed by early death. 
Women live longer than men. 

Minot and Isaacs feel that it is exceedingly 
easy for irradiation to cause rapid dissemina- 
tion of Hodgkin’s disease; but the author be- 
lieves this has no firm foundation. At the 
Boston City Hospital radiation using moderate 
voltage was used from igig to 1928 (145 kv., 
0.25 mm. Cu and 1 mm. Al). Fractional doses 
were given only to palpable or objective sites 
of the disease. Lately high voltage has been 
used (185-200 kv., 1 mm. Cu and 1 mm. Al). 
No prophylactic treatment is given to un- 
affected areas. 

Irradiation offers in the majority of cases 
definite palliation and not only retardation of 
the growth but an improvement in general 
health.—El/sworth Fohnson. 


Micuet, Max. Réntgenbehandlung von Beruts- 
krankheiten der Schuhindustrie. (Roentgen 
treatment of occupational diseases in the 
shoe industry.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen, Dec., 1931, £4, 766-770. 


Since 1928 the author has treated several 
cases of occupational diseases occurring in 
the shoe industry. One of the most frequent 
conditions encountered was “knocker’s dis- 
ease,” which is an angioneurosis due to the 
effect of the continuous vibration of the ma- 
chine on the hands and which is very similar 
to Raynaud’s disease. As in this, ulcerations 
and even gangrene of the fingers are not in- 
frequent in the later stages. 

Roentgen treatment consisted in the use of 
copper filtered radiation with small fractional 
doses given over a period of two to three 
months, through several fields, § to 15 per cent 
s.U.D. with 160 kv., per field. The irradiation 
extended along the vertebral column from the 
level of the sixth and seventh cervical vertebrae 
down to the level of the third lumbar vertebra, 
but precaution was taken not to include the 
adrenals and the spleen in the field of irradia- 
tion. Subjective improvement as well as regres- 
sion of the objective phenomena was observed 
in all irradiated cases.—T. Leucutia. 


| 


| 

| 


VoL. No. 


Zaccaria, A. A. 44 cas d’adénome de la pros- 
tate traités par la roentgenthérapie; descrip- 
tion de ma technique personnelle. (Forty- 
four cases of adenoma of the prostate treated 
by means of roentgen therapy.) ¥. de radiol. 
el a’ électrol., Dec., 1931, 75, 693-696. 

After discussing the pathology, clinical 
symptomatology and operative results in 
simple hypertrophy of the prostate, the author 
expresses the opinion that roentgen therapy 
should constitute the method of choice, inas- 
much as it is a very simple procedure and 
leads, in contradistinction to surgery, to 
practically no recurrence. 

The technique of the author is as follows: 
The gloved index finger, which on its end has 
a small lead cap for landmarking, is introduced 
into the rectum until it reaches the prostate 
and then the roentgenoscopic projection of the 
lead for the various positions marked on the 
surface of the skin. Thus the prostate is exactly 
localized and the central ray is directed toward 
it. Four portals are used—two suprapubic 
(one over each side), one anoperineal and one 
sacral, 220 kv., 0.§ mm. Zn plus 4 mm. Al 
as filters, 2 ma., 10X15 cm. fields, 30 cm. dis- 
tance, a full erythema dose being administered 
over each portal, the series being repeated 
within five to six weeks. 

The results obtained were quite remarkable, 
a symptomatic improvement being observed 
within fifteen to twenty days following the 
first treatment and a reduction in the size of the 
prostate to that of normal within about three 
months.—T. Leucuttia. 


Mayer, A. Zur Vorbestrahiung des Uteruskar- 
zinoms. (Preoperative irradiation of car- 
cinoma of the uterus.) Strahlentherapie, 1932, 
42,759 760d, 

A great deal of the former high operative 
mortality in cancer of the uterus was due to 
peritonitis from suppuration of the tumor. Pre- 
operative irradiation overcomes this suppura- 
tion and makes the field of operation aseptic. 
This was what led the author to begin pre- 
operative irradiation. At first he used only 
roentgen rays by the Dessauer-Warnekros 
method, later roentgen rays and radium com- 
bined and more recently radium alone almost 
exclusively. At first he only irradiated sup- 
purating tumors but later all cases, whether 
suppurating or not, as there may be latent 
infection. 
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The primary results have been very satis- 
factory. The operative mortality has been 
greatly reduced. In the few cases that died 
the suppuration was not controlled by the 
irradiation. There will probably always be a 
few such cases. In many cases the parametritis 
that accompanies the carcinoma is inflam- 
matory and not carcinomatous in nature and 
apparently inoperable cases can be rendered 
operable by preliminary irradiation. 

The author does not believe, however, that 
operation can be replaced by irradiation alone 
for in many cases in which there is clinical cure 
removal of the uterus shows that it still con- 
tains carcinoma cells. The late results of 
irradiation followed by operation compare 
favorably with those of operation alone and 
irradiation alone. 

The argument against preliminary irradia- 
tion that it hardens the tissues and makes 
later operation more difficult and increases the 
danger of injury of the ureters and bladder he 
had found not to be true.—Audrey G. Morgan. 


v. Bisen, Iwan. Die Strahlenbehandlung des 
Korpuskarzinoms. (Radiotherapy of car- 
cinoma of the body of the uterus.) Strahlen- 
therapte, 1932, 42, 769-774. 

The prognosis in carcinoma of the body of 
the uterus is better than that of any other 
genital carcinoma because it remains localized 
so long. Operability is high therefore and 
irradiation is indicated only in inoperable 
cases. Some cases that are operable anatomi- 
cally, however, are inoperable from other 
causes, such as old age and bad condition of the 
patient. 

The author has used irradiation in 101 cases 
of carcinoma of the body of the uterus, 45 of 
them inoperable. He uses radium locally and 
roentgen rays for the parametrium and glands. 
As a rule he uses 50-75 mg. radium in silver- 
brass tubes, corresponding to a filter of 1 mm. 
platinum. The dosage of 2,400-—3,600 mg-hr. is 
generally given all at once. To supplement the 
intrauterine treatment 2,000-2,400 mg-hr. is 
given in the vagina. For external treatment he 
gives three roentgen irradiations over 2 to 6 
fields. Each field is given 3/4 of a skin erythema 
dose or 470 r measured in air, radiotransverter 
apparatus, Coolidge tube, 183 kv., § ma., 0.5 
mm. zinc and o.§ mm. aluminum filter, 30 cm. 
focus-skin distance. 

Of the inoperable cases treated 26 were 
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treated more than five years ago. The duration 
of cure in these cases was in g cases less than a 
year, In § one year, in 7 two years, in 1 three 
years and in 1 each five, six, seven and eight 
years. These 4 cases can be considered cured, 
which is 15.3 per cent. Among the 1g inoperable 
cases that were treated less than five years ago 
1 has had no recurrence after four years, 2 for 
three years, 1 for two years and 1 for less than 
two years.— dudrey G. Morgan. 


Gunsetrt, A. Neuf années de dose fractionnée 
et étalée dans la roentgenthérapie des 
cancers, avec quelques remarques sur le 
dosage intravaginal dans la roentgenthérapie 
des cancers du col de l’utérus. (Nine years of 
fractionated and protracted dose in the 
roentgen therapy of cancer, with some re- 
marks on intravaginal dosage in roentgen 
therapy of cancer of the cervix uteri.) ¥. de 
radiol. et d’ électrol., Dec., 1931, 75, 685-692. 
The author since 1922 has abandoned the 

administration of a single massive dose in the 

radiation treatment of cancer for daily frac- 
tionated irradiation covering a period of fifteen 
to thirty days. It was found that if the pro- 
traction lasts for thirty days, the dose which 
may be administered augments in the pro- 

portion of from 1:2.¢ to 3. 

In the present article the method of treat- 
ment in (1) cancer of the cervix and (2) cancer 
of the larynx is discussed. In the first, utero- 
vaginal curie therapy was used with prefer- 
ence, except in the advanced cases of stage } 
with invasion of the parametria, in which 
roentgen therapy alone or roentgen therapy 
associated with radium was employed. A 
tabulation of the cases of this last group shows 
that of 18 cases treated five years ago or longer, 
4 (22.2 per cent) have become well and of 44 
cases treated three years ago, 10 (22.7 per cent) 
have become well. The author chooses from 
four to six portals of entry of 250 to 300 sq. cm., 
a daily dose of 300 r being administered over 
one portal, at 40 cm. distance, with 3 ma., for 
sO minutes. Since 1928 the dose has been 
measured by the intravaginal route with the 
Solomon or Hammer ionization chamber which 
is left within the vagina during the time of 
exposure. The total dose is calculated to reach 
2000 to 2500 r intravaginally during a period 
of three or four weeks. To obtain this about 
1500 to 1800 r is administered over the surface 
of each of the four to six portals. The quality 
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of the roentgen rays is 200 kv., with 2 mm. Cu 
and 2 mm. Al as filters. In case of association 
with curie therapy, rather large doses of 
radium are placed within the uterus and in the 
vaginal vault (40 millicuries-destroyed). (2) In 
cancer of the larynx, the results have not been 
as satisfactory and therefore more recently 
the author changed the procedure by increasing 
the distance to 70 cm. The technique is as fol- 
lows: 200 kv., 2mm. Cu plus 2mm. Al, 70 cm. 
distance, daily irradiation with 148 r in 60 
minutes, two lateral fields of from 200 to 25 
sq. cm., a total dose of 2500 to 3000 r admin- 
istered in six weeks over each field. 

Several dosage charts are included to il- 
lustrate the more typical cases.--T. Leucutia. 


GuitHem and Gouzy. Les pyométries aprés 
traitement du cancer du col de l’utérus 
par le radium. (Pyometra after treatment of 
cancer of the cervix of the uterus with 
radium.) Presse méd., Feb. 13, 1932, #0, 
242-245. 

The question of pyometra secondary to in 
trauterine application of radium is still debated. 
The authors found that the condition occurred 
in 8 cases out of a total of 751 cases of uterine 
carcinoma treated at the anticancer center of 
Bordeaux, that is, in 1.6 per cent. In studying 
these cases it was further found that pyometra 
is the result of a partial or total sclerosis of the 
uterine cervix brought about by the effect of 
the radium. The drainage of the secretion of the 
uterine body through the cervical canal is im- 
paired, thus leading to secondary infection. The 
modifications produced in the mucous mem 
brane and especially in the glands of the uterus, 
by the radium a secondary infection at the 
time of its insertion, a destructive action on the 
tissues, etc., may act as contributory causes. 
Clinically the condition may appear within 
twenty-five days following the radium insertion 
in the early, and within several months in the 
later cases. One may distinguish the so-called 
open type, when there is only partial stenosis 
of the cervical canal and the closed type, when 
there is complete stenosis. The latter of course 
is the more serious of the two, a fatal termina- 


tion being not infrequent. Krom the point of 


view of treatment, it is advised that a correct 
technique be applied at the time of the radium 
treatment, that the patients be periodically re 
éxamined for an early diagnosis and that in 
case pyometra has already set in, a proper 


drainage by the natural route be established in 
the open cases, and a total or subtotal hyster- 
ectomy be performed in the closed cases.—T. 
Leucutta. 


Decrais, P., and Bettor, A. La_ verrue 
plantaire. Advantages de son traitement par 
le radium. (Plantar wart; advantages of its 
treatment by radium.) Presse méd., Dec. 12, 
1931,.39, 1840. 


This is a brief practical article dealing with 
the clinical aspect and treatment of plantar 
warts. The advantages of radium application 
as compared to surgery are stressed. Not one 
single failure was observed in a total of 87 cases 
treated. The radium is placed usually in the 
evening and left in situ during the night. The 
detailed technique is not described.—T. Leu- 
culta. 


MISCELLANEOUS 


Hotzknecut, Guipo. Die ernsteren Rontgen- 
schadigungen der R6ntgenologen und ihre 
Therapie. (The more serious roentgen in- 
juries of roentgenologists and their treat- 
ment.) Fortschr. a. d. Geb. d. Réntgenstrahlen, 
July, 1931, gg, 78-81. 


The following more or less serious roentgen 
injuries are observed in roentgenologists: (a) 
cataract in the periphery of the lens, this having 
no particular significance; (4) azoospermia, 
which is also insignificant except for nonfertili- 
zation, no endocrine disturbances having been 
noted; (c) ovarian changes, the occurrence of 
which in roentgenologists is not satisfactorily 
proven as yet; (¢) keratosis, which may be 
treated either symptomatically or, in case of in- 
fection, with wet dressings or finally surgically 
(1) with oval excision and suture, (2) with ex- 
cision and Thiersch graft, and (3) with electro- 
coagulation; (¢) non-neoplastic ulcerations 
which are treated with cleansing (water and 
soap or eventually glycerine, however, without 
the use of fats) and occasionally application of 
one single dose of 100 to 150 R through 1 mm. 
Al filter; (f) malignant growths of the skin; (1) 
sarcoma, which according to the author never 
occurs and (2) carcinoma cutis, which as a rule 
shows a very slow chronic course. The best 
method of treatment is radical surgical excision 
followed with extirpation of the regional lymph 
nodes. It must be mentioned, however, that 
such carcinomas have a tendency to recur with- 
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in the adjacent skin necessitating successive 
mutilating operations or even amputations. It 
is the author’s opinion that roentgen car- 
cinomas do not respond or respond only slightly 
to irradiation with roentgen or radium rays. 
Therefore this method of treatment should be 


used only as an adjunct to surgery in well- 
selected cases.—T. Leucutia. 


Dyes, Orro. Das Kombinations-Aufnahme- 
gerat der Firma Hofmann-Brauer. (A combi- 
nation exposure apparatus of the firm of 
Hofmann-Brauer.) Fortschr. a. d. Geb. d. 
Roéntgenstrahlen, May, 1931, 43, 626-642. 
This article is a lengthy description of a 

roentgen table which can be used in all posi- 

tions and under most unusual circumstances. 

The feature is a Bucky diaphragm which can 

be moved to all parts of the table (so that one 

may center also over the peripheral parts), and 
rotated (so that roentgenograms can be made 
also in oblique positions). The article contains 

17 figures illustrating the principle as well as 

the various positions of the apparatus.—T. 

Leucutia. 


Martius, Hernricu. Keimschadigung durch 
R6ntgenstrahlen. (Injury of germ cells by 
roentgen rays.) Strahlentherapie, 1931, 4/, 
47-66. 

In his discussion of possible injury to the off- 
spring by irradiation of the parents’ germ cells, 
the author makes a distinction between injury 
of the fetus after impregnation and injury of 
the germ cell before impregnation, his study 
being confined for the most part to the ovum, 
though he points out the importance of roent- 
genologists protecting the sex glands from re- 
peated irradiation. A number of cases of definite 
injury of the fetus by irradiation of the mother 
during pregnancy have been reported. Many 
children born after irradiation are normal, how- 
ever, but there is nothing to prove that they 
have not suffered injuries which may appear in 
the next or later generations. The possibility of 
injury of the hereditary constitution must be 
taken into consideration, and for the purpose 
of working out the problem the histories of all 
children born of irradiated mothers or fathers 
should be kept in some central institute of 
archaeology or genetics. Experiments have been 
made on Drosophila melanogaster, a species of 
fly, showing mutations brought about by the 
use of roentgen rays, but results in plants and 
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animals cannot be applied to man. The muta- 
tion dose in Drosophila is very high, but nothing 
is known of the size of the mutation dose in 
man, either for mature or young germ cells. 
Some investigators think that only mature 
cells are injured, but the author thinks it has 
not been proved that immature cells are exempt 
from injury. 

As long as the possibilities of injury to future 
generations are not known it is better to err on 
the side of safety and give up temporary roent- 
gen castration entirely. It has not proved very 
reliable or of much clinical value at any rate. 
And even in diagnostic examinations the dos- 
age should be kept considerably below the 
minimum that is known to affect the ovary. 
Audrey G. Morgan. 


Antronioti, G. M. Untersuchungen itiber die 
bakterient6tende Wirkung der Gewebe von 
gesunden und von réntgenbestrahlten Tieren. 
(Bactericidal action of the tissues of irradi- 
ated and non-irradiated animals.) Strah/len- 
therapie, 1931, 47, 496-509. 

There has been considerable discussion as to 
whether the normal blood and tissues of ani- 
mals have a bactericidal action. The author re- 
views the work previously done on the subject 
and describes his own work, the object of which 
was to study the bactericidal action of normal 
blood and tissues, and of the blood and tissues 
of animals after roentgen irradiation. He used 
guinea pigs as experimental animals and sta- 
phylococci as bacteria. The details of his tech- 
nique are described. 

He found that weak and not too frequent 
irradiation of guinea pigs increases the bac- 
tericidal action of their tissues and organs. The 
irradiated liver and spleen had the greatest 
bactericidal action. The number of colonies in 
cultures of non-irradiated liver and spleen was 
many times as large as in cultures of these or- 
gans that had been irradiated. There was much 
less difference in the number of colonies in ir- 
radiated and non-irradiated kidney and omen- 
tum. Lung tissue and striated muscle showed 
almost no difference in the number of colonies. 
The skin of the back which served as a portal of 
entry for the rays showed a marked decrease of 
bactericidal action. 

Intense roentgen irradiation of guinea pigs 
with large and frequently repeated doses caused 
a great decrease in the bactericidal action of 
their tissues. The liver, spleen and kidneys of 
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these animals showed the greatest decrease in 
bactericidal action, the omentum a less marked 
decrease. The lungs and striated muscle did not 
show any change. 

It is hard to explain the cause of these facts. 
Probably the rays cause a true stimulation of 
cell activity but if the stimulation is too in- 
tense it brings about paralysis. It is probable 
that these biological changes are due to the ac- 
tion of the rays on the reticulo-endothelial 
cells. This is the only theory that explains the 
differences in the effect of the rays on the bac- 
tericidal action of the different organs and 
tissues. The difference is due to the varying 
amount of reticulo-endothelial tissue in the 
different organs. The author’s experiments 
show that small doses of roentgen rays have a 
good effect on the protective function of the 
reticulo-endothelial system, while large doses 
have a bad effect.— dudrey G. Morgan. 


Lepoux-LeBarbD, Pererin and Garcia-Cat- 
DERON. Sur l’emploi en radiodiagnostic des 
substances opaques de la série du thorium. 
(The use in roentgen diagnosis of opaque 
substances of the thorium series.) Bu//. ef 
mém. Soc. de radiol. méd. de France, March, 
IQ31, 79, 95-97. 

The inconvenience of certain colloids con- 
sists chiefly in the fact that they coagulate or 
flocculate when rapidly sterilized and that they 
partially coagulate when coming in contact 
with organic liquids. The authors are experi- 
menting at the present time with a new colloid 
solution (25 gm. of thorium dioxide in 100 c.c. 
of a complex aqueous medium), the so-called 
Collothor B, which possesses the same fluidity 
as water and is more stable when sterilized. 
Furthermore, because of its lesser viscosity it 
can be injected into narrow canals as, for ex- 
ample, biliary fistulae, with greater ease. The 
preparation has given very satisfactory results 
in pyelography, cystography, ureterography 
and fistulography.—T. Leucutia. 


Janker, R. Zur Rontgenkinematographie. 
(Roentgen cinematography.) Fortschr. a. d. 
Geb. d. Rontgenstrahlen, Nov., 1931, £4, 658 
668. 

After a discussion of direct roentgen cine- 
matography and a perusal of the literature on 
this subject the author describes his own ap- 
paratus which is of great value especially for 
animal experimentation. The regular cinema 
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film is used except that the apparatus trans- 
ports the double length (36 mm. instead of 
18 mm.) at each exposure. This necessitated an 
enlargement of the size of the aperture to 
24X36 mm. The entire anterior wall, except the 
aperture, is protected by lead. On the posterior 
aspect there is a roentgenoscopic screen (pro- 
tected by 20 mm. lead glass) which is provided 
with an observation tube for the eye of the ex- 
aminer. The four roentgen tubes used for the 
exposure are rotated synchronously with the 
transportation of the film. Sixteen exposures 
are taken per second but through an ingenious 
device, every image being printed twice (or 
even four times), a total of 32 (or 64) images per 
second is obtained. The projection of the film is 
clear and without jagging or flickering. 

The procedure was used chiefly in experi- 
mental animals for the study of various motor 
phenomena (of the heart, pneumothorax, dis- 
tribution of emboli, arteriovenous fistulae, 
peristalsis, etc.). In the human the rather large 
amount of radiation (0.3 to 0.35 R per every 
single exposure) which is required to take a 
longer film forms a serious obstacle. Still, 160 
images (16 images per second), representing 
about half of the tolerance dose, may in certain 
instances suffice for a satisfactory examination. 

T. Leucutia. 


Correnor, Présentation d’un appareil 
sé'ecteur permettant la stéréoradiographie 
du thorax et la prise de radiographies du 
coeur a un temps quelconque de la révolution 
cardiaque. (Presentation of a selector appa- 
ratus permitting stereoroentgenography of 
the thorax and the taking of roentgenograms 
of the heart at a certain point of the cardiac 
revolution.) Bu//. et mém. Soc. de radiol. méd. 
de France, June, 1931, 79, 281-283. 

The author constructed an apparatus which 
permits the automatic taking of roentgeno- 
grams of the lungs or of the heart at any point 
of the respiratory or cardiac cycle. A pneu- 
matic pouch with a belt (fastened around the 
chest) is used for the respiratory and a sphyg- 
momanometer for the cardiac examination, 
both being connected to an oscillometer, pro- 
vided with a small mirror on its axis. The mirror 
reflects the light of a lamp on a selenium cell 
connected through an amplifying system to a 
milliammeter relay which automatically con- 
trols the current of the roentgen machine. 
When the respiratory or cardiac movements 
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reach a set point of the cycle they deflect the 
mirror on the selenium cell which in turn auto- 
matically releases the machine for an instan- 
taneous exposure. The relay is provided with 
several successive contacts, a variable potenti- 
ometer permitting the adjustment to any point 
of the oscillometric curve. 

The apparatus is of great practical impor- 
tance inasmuch as it permits the taking of 
roentgenograms at any desired point of the ex- 
cursion of the respiratory and cardiac cycle. In 
case of stereoscopic examination of the chest 
the two roentgenograms can be taken at pre- 
cisely the same point of respiratory excursion. 

T. Leucutia. 


Botpincu, W. Honpius. Un appareil spécial 
pour |’examen radiographoque du thorax. (A 
special apparatus for roentgen examination 
of the thorax.) 4cta radiol., 1931, 72, 479- 
485. 

An apparatus is described that is designed 
especially for obtaining great distinctness in 
pictures of the thorax. It makes use of a tube 
with a rotating anticathode which can bear an 
instantaneous charge eight times as large as 
that of a tube with an equivalent focus and a 
fixed anticathode. With its use a great deal of 
contrast can be obtained even with very soft 
rays in a few tenths of a second with a focus 
1.5 mm. in diameter. This greatly increases the 
distinctness of the picture of the soft tissue of 
the lung which is in constant motion on ac- 
count of the pulsations of the heart, so that 
tuberculous lesions can be 
readily. 

Heretofore it has been possible to take such 
roentgenograms only with a very powerful ap- 
paratus, but in this apparatus the electrical 
energy is stored in a condenser and discharged 
into the metalix tube through a large choke- 
coil. The latter keeps the tension practically 
constant while the picture is being taken and 
therefore the apparatus can be used with any 
ordinary source of current. The apparatus is 
illustrated. It is a complete cabinet for exami- 
nation of the thorax with adequate protection 
from the rays and very easy to manage. It re- 
quires about 23 by 63 feet of space.— Audrey G. 
Morgan. 


detected more 


JauBerr pe Beavyeu, A. Téléradiographie 
cardio-pulmonaire instantanée a 5 métres de 
distance. (Instantaneous cardio-pulmonary 
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teleroentgenography at $ meter distance.) 

Bull. et mém. Soc. de radiol. méd. de France, 

July, 1931, 79, 341-342. 

The author until recently used a distance of 
3.50 meters for teleroentgenography of the 
chest. He has now increased this distance to § 
meters. The procedure has a certain value in 
teleroentgenography of the cardiovascular sys- 
tem but for the examination of the lungs a dis- 
tance of 2 to 2.50 meters is more advantageous. 

T. Leucutia. 


CLemMente, Giusepre. Ricerche sperimentali 
sulla irradiazione Roentgen della regione 
dorso-lombare—regione renale. (Experimen- 
tal study of roentgen irradiation of the dorso- 
lumbar region—kidney region.) Radio/. med., 
Dec., 1931, 78, 1570-1594. 

The author irradiated the dorsolumbar re- 
gion in white rats to determine whether any 
changes in the kidneys are brought about by 
such irradiation. The histological findings are 
described and illustrated with photomicro- 
graphs. They showed that doses less than an 
erythema dose did not bring about any ap- 
preciable changes but that larger doses than 
that caused intense hyperemia followed by 
primary changes in the convoluted tubules, 
such as albuminous, granular or even paren- 
chymatous degeneration, vacuolar or hydropic 
degeneration and necrosis, and _ secondary 
changes in the glomeruli. As the process prog- 
resses the primary albuminous or necrotic de- 
generation may be followed secondarily by a 
catarrhal glomerulonephritis, which is to a cer- 
tain degree productive. No signs of interstitial 
nephritis were seen in any of the cases. 

Very large doses—}3 to 4 erythema doses 
caused death of the animals. Smaller doses 
caused radiodermatitis and epilation, but the 
kidney changes took place for the most part in 
cases in which there was no radiodermatitis or 
alopecia, showing that they were not dependent 
on the local injury.— Audrey G. Morgan. 


Saupe, E. Réntgendiagramme von men- 
schlichen Kérpergeweben und Konkremen- 
ten. (Roentgen diagrams of human body 
tissues and concrements.) Fortschr. a. d. Geb. 
d. Réntgenstrahlen, Aug., 1931, 44, 204-211 
The author for the past two years has carried 

out a series of investigations on roentgen dif- 

fraction of various tissues and concrements of 
the human body. He used a copper anticathode 
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tube which at 40 kv. and 13 ma. yielded only 
the K radiation of the copper (1.54 and 1.39 A). 
The intercalation of a nickel filter would have 
led to further homogenization by eliminating 
the 1.39 A beam but this would have resulted 
in a very marked increase in the time of ex- 
posure. The Koch and Sterzel and the Debye- 
Scherrer chambers were employed for the ex- 
posure. The anatomic material was prepared by 
either making a very thin section and coating it 
with collodion so as not to produce too much 
drying or by pulverizing it and then inclosing it 
in a collodion capsule. The exposure time 
amounted to from eight to ten hours in the be- 
ginning and to fifty minutes now. 

The various substances have given more or 
less typical roentgen diffraction diagrams which 
after further perfection of the method may 
eventually be used for clinical diagnosis. The 
greatest disadvantage is the compari tively long 
time of exposure. The recent investigations of 
Boehm by using the Seemann high tension 
electron tube aim to eliminate this disadvant- 
age.—T. Leucutia. 


Atperti, W., and Demetrrovic, B. Uber den 
Einfluss der Totalreflexion auf die Bildge 
bung bei medizinischen Réntgenaufnahmen. 
(On the influence of total reflection on the 
images of medical roentgenograms.) Fortschr. 
a. d. Geb. d. Réntgenstrahlen, Nov., 1931, 74, 
649-653. 


Kohler in 1916 called attention to the fact 


that the roentgen image of convex surfaces of 


bones (arm, thigh, etc.) was associated with the 
appearance of “overlit marginal stripes’’ at the 
outer contours. 
the nature of this phenomenon, express the 
opinion that the stripes are the result of a re- 
flection of the roentgen rays from the convex 
(or concave) surface. For this reason, they sug- 
gest that the term “‘sheen-stripes”’ 
T. Leucutia. 


be used. 


LeHMANN, H. Auszug aus der Dissertation tiber 
“die fiir die Aufnahme vorgegebener Objekte 
giinstigsten Roéhrenspannungen.” (Extract 
from the thesis on “The most favorable tube 
tensions for the roentgenography of given ob- 
jects.”) Fortschr. a. d. Geb. d. Rontgenstrahlen, 
Sept., 1931, £4, 375-391. 

This is a very technical article dealing with 
the dependence of the contrast on the tube 
voltage (kv.) and thickness of the object (filter) 


The authors, after a study of 
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to be roentgenographed. The dependence can 
be calculated to some extent 1f constant current 
machines are used. In other forms of tension 
curves the matter becomes exceedingly compli- 
cated. T. Leucutta. 


Cotiez, Roperr. Die Dosimetrie in der Ra- 
diumbehandlung. (Dosimetry radium 
treatment.) Fortschr. a. d. Geb. d. Réntgen- 
strahlen, July, 1931, £4, 87-99- 

The author is greatly suprised that many 
roentgenologists still express the radium dose in 
milligram-hours and millicuries-destroyed, de- 
spite the inaccuracy of such a procedure, es- 
pecially in plastic models and in telecuriether- 
apy. As is known, the author, in association 
with Mallet, has constructed an ionomicrom- 
eter which permits the measurement of radium 
doses by an arbitrary unit. This unit, which is 
called D, corresponds to the amount of gamma 
radiation which reaches point zero during ten 
hours’ irradiation when the central point of the 
ionization chamber is at 26 mm. from the axis 
of a radium tube of 2 mm. platinum thickness 
containing 10 mg. radium element. The dosage 
is then expressed in so many D units per day 
(daily output). This unit represents for radium 
the same thing as the Solomon unit represents 
for roentgen therapy. Both are arbitrary but of 
considerable practical value. It is the author’s 
contention that the present methods of meas- 
urement do not permit as yet the expression of 
the gamma radiation in the International r. 

The ionomicrometer and the procedure of 
measurement are described in detail, a chart 
for the calculation of the daily output being in- 
cluded. T. Leucutia. 


Srrauss,S., and Meyer, H. TH. Das Durome- 
ter, ein neuer R6ntgenhartemesser. (The du- 
rometer, a new roentgen hardness measurer.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, Sept., 
ZZ, 392-390. 

The various apparatus employed for the 
measurement of the hardness of the roentgen 
ravs (Christen, Wehnelt, Benoist, Walter, 
Schreus) have nearly all been discarded be- 
cause of their inaccuracy. Recently some 
changes were made in the Christen instrument 
making it useful within certain limits. The au- 
thors now, by applying the same principle but 
with further modifications, have constructed a 
new durometer which permits the measurement 
of the hardness of all types of roentgen rays 
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(within an error of +5 per cent) with consider- 
able ease. The principle is that the roentgen-ray 
beam affects a fluorescent screen, half of the 
beam passing unfiltered and the other half 
through a filter (cellophane in borderline rays, 
aluminum in superficial roentgen rays, copper 
in deep roentgen rays and silver in the very 
hard radium rays) for the determination of the 
half-value layer. In viewing the fluorescence of 
the two half-beams, an optic wedge, which is 
placed in front of the unfiltered half, is rotated 
until an identical light (fluorescence) is ob- 
tained. The procedure is very similar to the 
half field polarization methods used in the 
dosage of sugar. If the optic wedge is stand- 
ardized by means of comparison with an ioniza- 
tion chamber in half-value layers, the precise 
hardness of the rays can be directly read. It 1s 
claimed that the apparatus, because of its 
great practical importance, will soon replace 
the other rather cumbersome methods of meas- 
urement.—T. Leucutia. 


NIEMANN, C. Der zeitliche Verlauf der Ront- 
gen- und Ventilréhrenspannung an Réntgen- 
apparaten in Graetzscher Schaltung. (The 
timely distribution of the roentgen and ventil 
tube tension in roentgen apparatus with 
Graetz connection.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, July, 1931, 44, 100-108. 


The author measured the variation in voltage 
at the end of the roentgen and valve tubes in 
the four and six valve apparatus and found 
that if the apparatus is run without load or with 
only a small load an increase in the voltage at 
the roentgen and valve tube terminals results 
which in the six valve apparatus may reach a 
percentage as high as 15. This of course repre- 
sents a considerable danger for both the roent- 
gen and valve tubes.—T. Leucutia. 


Guiocker, R. Prinzipien des Strahlungs- und 
Hochspannungsschiitzes und ihre technische 
Durchfthrung. (Principles of radiation and 
high tension protection and their technical 
application.) Fortschr. a. d. Geb. d. Rontgen- 
strahlen, Aug., 1931, 44, 241-253. 

Following a discussion of the fundamental 
principles of protection against radiation and 
high tension, the author describes the more re- 
cent improvements in the construction of appa- 
ratus. Chief among these are the new Metalix 
and Multix tubes. The principle of the Metalix, 
as is known, is a chrom iron metallic discharge 
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chamber which is soldered into the cylindrical 
glass, thus permitting the surrounding of the 
tube with protective lead. In the Multix tube 
the lead is on the outside of the midportion of 
the cylindrical glass, a bent chrom iron sheet 
being placed inside the tube. The lead and the 
chrom iron sheet are electrically connected. 

In roentgenoscopic rooms various enclosures, 
and more recently the Ratkoczi cabin, are used, 
this latter giving full protection against both 
radiation and high tension. In deep therapy 
units lead walls are to be preferred. For a 400 
kv. therapy unit recently installed at the Char- 
ity Hospital in Berlin, the walls were made of 
15 mm. lead. 

The danger from high tension is eliminated 
by specially constructed protective cables (up 
to 100 kv.) as, for example, in the Metalix ap- 
paratus. It is hoped that within a short time the 
high tension conductors will entirely disappear 
from the roentgen rooms.—T. Leucutia. 


Jouannés, G. Le tube Roburix. (The Robur:x 
tube.) Bull. et mém. Soc. de radiol. méd. de 
France, July, 1931, 79, 337-339: 

Coolidge, in 1923, for the first time presented 
a tube with a metallic discharge chamber. The 
author has pursued another direction and in- 
stead of soldering the cylindrical metal cham- 
ber into the glass of the tube he has designed a 
tube which is entirely of glass, two metallic 
cylinders being placed at the midportion, one 
within the interior of the glass but separated 
from this, and the other on the external aspect. 
This latter consists of lead which serves the 
purpose of protection. The two metallic cylin- 
ders are electrically connected through the glass 
of the tube. The entire tube is then enclosed in a 
cylindrical lead shield which is removable. By 
avoiding the soldering of the metal into the 
glass electrical accidents are prevented and 
thus the tube life considerably prolonged. On 
the other hand, by placing the tube within a 
lead shield an additional protection is obtained. 
It was found, for example, that with too kv., 
3 ma., and 8 hours daily running, it would take, 
at a distance of one meter, fifty years to pro- 
duce an erythema. 

The central part of the tube which serves for 
fixation can be connected to ground, this giving 
adequate electrical and high tension protection. 
The tube is manufactured with both radiator 
and water cooling device, all models used for 
current work being supplied. Because of its ex- 
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tremely powerful construction it is called 
“Roburix.”—T. Leucutia. 


LEPENNETIER, F. Le nouveau service d’électro- 
radiologie de |’Hdpital Saint-Louis (Paris). 
(The new service of electro-radiology of the 
Saint Louis Hospital, Paris.) ‘¥. de radio/. et 
a’ électrol., July 1931, 75, 377-394. See also 
Desfosses, P., Presse méd., Dec. 16, 1931, 39, 
1861-1863. 

A new department of radiology of which Dr. 
J. Belot is the director was recently installed at 
the Saint Louis Hospital, Paris. In these arti. 
cles, the department, which occupies three 
Hoors and is divided into a therapeutic and di- 
agnostic section, is briefly described, numerous 
photographs being used for illustration. It no 
doubt comprises the most up-to-date installa- 
tions. —T. Leucutia. 


Juv, Jens. The radium station of Copenhagen. 

Acta radiol., 1931, 12, 486-496. 

A new and enlarged radium station has been 
erected in Copenhagen in connection with the 
Kinsen Institute. Photographs and plans of the 
building are given and the history of its de- 
velopment sketched. It is to be used particv- 
larly for the treatment of malignant tumors but 
other conditions requiring radium treatment 
will be treated also, and this will remove from 
the patients’ minds the fear attached to a 
cancer hospital. The patients are to be followed 
up after their discharge and an effort made to 
obtain complete histories of the results. 
Audrey G. Morgan. 


Hemincway, Autan, and Hansen, C. 0. 
Temperature distribution in local diathermy 
treatments. Radiology, Dec., 1931, 77, 
1261. 


1250 


The actual rise of temperature at the surtace 
and in the subcutaneous and intramuscular 
layers was observed during diathermy treat 
ment. There are two charts giving findings 
with a pad electrode and metallic electrode. 
Currents of 11.6 and 10.0 ma. per sq. cm. were 
used. 

The conclusions derived are that surface 
heating is much less with the pad electrodes; 
for a short treatment lasting about twenty 
minutes, a greater temperature can be obtained 
with a metallic electrode; for a treatment last- 
ing an hour or longer by using pad electrodes, 
the same heating effect is obtained with less 
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superficial heating in a long treatment. In 
cases where a higher deep temperature is de- 
sired with a low superficial temperature, the 
pad electrode is to be recommended with a 
treatment of one hour or longer. Kor rapid 
superficial heating, the metallic electrode is 
used.— Ellsworth ‘fohnson. 


Wyckorr, Ratpw W. G., and Luyerv, B. J. 
The effects of x-rays, cathode, and ultra- 
violet rays on yeast. Radiology, Dec., 1931, 


17, 1171-1175. 
Preliminary results are recorded of the 
effects of roentgen-rays, cathode rays, and 


monochromatic ultraviolet light upon yeast 
(Saccharomyces cerivisiae). Control irradiations 
of culture medium with doses far in excess of 
those needed in these experiments showed that 
the destructive action of the radiation is 
directly upon the cells themselves and not 
upon their food material. The progressive 
stages of injury make it difficult to set up a 
precise criterion of lethal action. It is observed 
that yeasts, unlike bacteria, can be injured 
without being killed outright. Injury with 
either cathode rays or roentgen rays is followed 
by the development of an extraordinarily 
large number of two-celled colonies, which on 
prolonged incubation ultimately die without 
further budding. Yeast looses its ability to 
multiply long before it is killed. The destruc- 
tive action of formaldehyde resembles that of 
ultraviolet light. These experiments give no 
indication that small doses of radiation have 
any stimulative eftect upon the growth of 
veast. The article is supplemented with two 
tables and two figures.—-E//sworth ‘fohnson. 


ZANELLI, ARTURO. 


Un nuovo modello di 
orientatore e fissatore per radiogratie del 
cranio. (A new apparatus for orientation 
and fixation in roentgenograms of the skull.) 
Radiol. med., May, 1931, 78, 647-651. 

The author describes an apparatus which he 
himself devised for fixation of the head in tak- 
ing roentgenograms and marking the exact 
position in which the picture is taken so that if 
the examination needs to be repeated the head 
can be fixed in exactly the same position and 
exactly the same projection obtained. It con- 
sists essentially of a special cap for the head 
and graduated angular and linear scales fixed 
to a_ specially frame. Movable 
indicators show the exact position on the scales. 


constructed 
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An antidiffusion diaphragm can also be used 
with the apparatus. The apparatus and its 
different parts are illustrated—Audrey G. 
Morgan. 


Baastrrup, Cur. I. The prophylactic and ther- 
apeutical value of the lateral position for bed 
patients. Acta radiol., Feb. 14, 1931, 72, 


Not infrequently when it is necessary to put 
old people to bed they develop hypostatic 
pneumonia and die. Generally these patients are 
unable to sit up in bed. But the author finds 
that a very effective method of preventing 
hypostasis is to let them lie for half an hour 
morning, noon and evening, on the right side, 
and then for half an hour on the left side. The 
roentgen picture of the lower lung is always 
slightly darker than that of the upper one, 
showing that the former is compressed and the 
latter expanded. The pulsation of the heart also 
has a massaging action on the lower lung, and 
the temporary shifting of the blood’s weight is 
also important, as this weight and the constant 
stagnation of the fluid in one place are the 
cause of hypostasis. None of the old patients 
with whom the author has used this method 
have contracted hypostatic pneumonia. In one 
old patient signs of hypostatic pneumonia be- 
gan but disappeared a few days after this 
method of treatment was begun.—dudrey G. 
Morgan. 


Van Atten, C. M., and Linpskoc, G. E. 
Collateral respiration in the lung; réle in 
bronchial obstruction to prevent atelectasis 
and to restore patency. Surg., Gynec. & Obst., 
July, 1931, 53, 16-21. 

In a series of experiments with the lungs of 
the dog, cat, rabbit and man the authors have 
found that the branches of the bronchial tree 
in a single lobe of the lung intercommunicate 
at the periphery in such a manner as to permit 
the transfer from one to another of gases, 
fluids, and particulate matter. The process of 
transfer is referable both to diffusion and to 
passage through minute openings, but this 
point requires further investigation. The air- 
ways of two neighboring lobes do not so com- 
municate. 

This bears economic significance to respira- 
tory function after bronchial obstruction; for a 
lobule of lung with centrally obstructed 
bronchus may yet breathe satisfactorily by 
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using the peripheral interconnections with 
adjacent free lobules. This is termed collateral 
respiration. 

Collateral respiration plays two economic 
rdles in the lobular form of bronchial obstruc- 
tion, namely, that of preventing the develop- 
ment of atelectasis, and that of rendering im- 
portant assistance to the broncho-eliminative 
forces. 

Collateral respiration may be excluded by 
closure of those airways along the margins of 
the obstructed lobule which have to do with 
the intercommunication. This may result from 
blockage with secretions or other materials or 
from shut-down during periods of shallow 
breathing. The latter circumstance is probably 
a factor in the pathogenesis of postoperative 
atelectasis.—R. R. Rathbone. 


Axertunp, Axe. Ein Lichtstempel fiir Filmbe- 
schriftungszwecke. (An apparatus for mark- 
ing films.) 4cta radiol., Feb. 14, 1931, 7 
95-99. 

It takes a great deal of time to mark films by 
hand and the author describes an apparatus 
for labelling them which photographs a line of 
text containing the name of the patient and 
any other desired information, such as the half 
of the body photographed, the position of the 
body, direction of projection, number of hours 
since the last meal, etc. The apparatus is il- 
lustrated; it is a simple box with a ground glass 
window and a white light for photographing 
the text on the bottom of the film.—-dudrey G. 
Morgan. 


2 


THoraeus, R. On the proper use of different 
roentgen tubes regarding the radiographic 
quality in diagnostic work. dcta radiol., 
Keb. 14, 1931, 72, 85-94. 

The author discusses the projecting proper- 
ties of different roentgen tubes. On the basis of 
the results obtained with different tubes, he 
studied the working condition of the tubes in 
relation to the geometrical conditions of 
projection, and gives a simple method of cal- 
culating the right conditions in each case. In 
order to show the value of the method he gives 
a detailed discussion of the roentgen diagnosis 
of the lungs, skull and spinal column.—-.4udrey 
G. Morgan. 


Vanoni, Enzo PuGno. Le variazioni di ten- 
sione delle rete in radiologia. Un apparecchio 
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autoregolatore. (An apparatus for the auto- 

matic regulation of the output of roentgen 

tubes when there are changes in the tension 

of the electrical system.) Radiol. med., Apr., 

1931, 73, 463-476 

An industrial electrical system is supposed 
to furnish a supply of electrical energy at con- 
stant tension, but it rarely does so. The author 
discusses the various factors which bring about 
changes in tension and the effect on the vield of 
roentgen tubes produced by such changes. He 
then discusses the various sorts of stabilizers 
used for diagnostic and therapeutic roentgen 
apparatus and points out the defects which 
have kept them from being generally adopted. 
He then shows how the yield of roentgen ap- 
paratus can be regulated automatically by 
means of a transformer with a movable coil. 
He gives a diagrammatic sketch Of an appa- 
ratus so regulated and describes the way in 
which the transformer functions. He gives 
figures based on experimental work showing 
that when this transformer is used even varia 
tions of 25 per cent in the tension of the current 
do not affect the tube, while without it a vari 
ation of even § per cent affects it seriously. He 
shows how these stabilizers may be applied to 
apparatus already installed and that the con 
struction of the stabilizer is so simple that it 
cannot fail to function properly...dudrey G. 
Morgan. 


LuposHez, B. E. Cineradiografia. (Cinematic 
roentgenography.) Radiol. Apr. 
18, 450-457. 

Ever since roentgen rays were discovered 
attempts have been made to develop cinemato 
graphic roentgenography. In 1git Lomon and 
Comandon succeeded in making cinemato 
graphic roentgenograms of normal rapidity 
but unfortunately the milliamperage and volt 


age required were so enormous that neither 


the patient nor the roentgen apparatus could 
stand them. 

In 1927 the author succeeded in producing 
cinematographic roentgen pictures with an 
ordinary roentgen installation and without in 
juring the patient. The problem was to obtain 
16 photographic images in a second on a strip 
of film without harm to the patient or the in 
stallation. He found that this could not be done 
directly and adopted the indirect method con 
sisting of taking the cinematographs trom a 
fluorescent screen by means of a special optic 


| 
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system. In this way the roentgen rays do not 
make the photograph directly on the film but 
they are made with rays emanating from the 
fluorescent screen after the roentgen rays have 
been transformed into visible photographic 
rays. The difficulty lies in the weakness of the 
image produced by the fluorescent screen, and 
for this reason an especially powerful optical 
system had to be constructed. The author had 
such an enormously powerful system made and 
gives a diagrammatic sketch of the whole ap- 
paratus. By means of it cinematographic 
roentgenograns can be taken without any 
greater exposure of the patient than in ordinary 
diagnostic examinations.—-4udrey G. Morgan. 


Bouwers, A. Uber die Technik der Moment- 
aufnahmen. (The technique of time ex- 
posures.) deta radtiol., Apr. 15, 1931, 72, 175 
15 3. 

The author discusses the most favorable 
conditions for time of exposure and size of 
focus. Apparently, independently of conditions 
of exposure, the greatest sharpness is obtained 
when the geometrical lack of sharpness due to 
the size of the focus is twice as great as the lack 
of sharpness caused by movement of the ob- 
ject. Kor the conditions of exposure that occur 
in practice the lack of sharpness is calculated 
as a function of the exposure time and shown 
by means of curves. The curves demonstrate 
that the above theory is correct but that 
practically quite good results can be obtained 
when the geometrical lack of sharpness and 
that due to movement are equal. 

The improvement brought about by using a 
tube with a rotating anode is shown by the 
curves, and calculations given showing the 
best exposure time and best size of the focus 
when using such a tube. The use of an in- 
tensifying screen increase sharpness as long 
as the lack of sharpness of the screen is less 
than that due to other factors, but not other- 
wise. A high-tension generator designed by the 
author for tubes with a rotating anode is de- 
scribed which ensures the best conditions for 
taking pictures.—.dudrey G. Morgan. 


Kress, Cart, and Buscu, Fanny. The radio- 
sensibility of human lymphosarcomas, deter- 
mined by heterologous transplantation. .4cta 
radiol., Sept. 30, 1931, 72, 395-400. 

It has previously been demonstrated experi- 
mentally that the lethal dose for mouse 
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sarcomas and carcinomas is about § or 6 
erythema doses and the lethal dose for mouse 
lymphosarcomas is about 2 erythema doses. 
The authors describe experiments which they 
made for the purpose of determining the lethal 
dose for human lymphosarcomas. They grafted 
the human lymphosarcoma tissue into mice 
before irradiation and after irradiation with 
1/2, 1 and 2 erythema doses. The non-ir- 
radiated tumor tissue ‘“‘took” in about half the 
cases, while after irradiation with 2 erythema 
doses there was only one take in go cases. They 
conclude therefore that the lethal dose for 
human lymphosarcoma is about the same as 
that for mouse lymphosarcoma, namely, 2 
erythema doses.— Audrey G. Morgan. 


Joser Hernricu. Verstarkerfolien, 
ihre Beurteilung und Eigenschaften. (In- 
tensifying screens, their testing and their 
properties.) Fortschr. a. d. Geb. d. Réntgen- 
strahlen, June, 1931, £3; 758-776. 


This is a technical article dealing with the 
characteristics of intensifying screens and the 
various tests of their properties. Generally the 
sharpness of the image depends on the follow- 
ing factors of intensifying screens: (1) the size 
of the grain particles of the fluorescent mate- 
rial; (2) the thickness of the screen layer and the 
quantity of the fluorescent material per unit 
surface; (3) the reflection of the fluorescent 
radiation at the under surface of the screen, 
and (4) the absorption of the fluorescent light 
by the thickness of the intensifying screen. 
An improvement in the sharpness of the image 
is obtained by the following changes of the 
above factors: (1) use of fluorescent material 
of very fine grain particles; (2) use of a very 
thin layer of the material with a small quantity 
per unit surface; (3) application of protective 
layers absorbing the fluorescent radiation of 
the under surface of the screen, and (4) use 
of material with utmost fluorescent emission, 
but with the least possible afterglow. This 
latter may be especially disturbing in serial 
roentgenography and_ flash 
Leucutia. 


exposures.—T. 


CreuzBeErG, G., DANNMEYER, F., HArtees,O., 
Leperer, L., v. L., ScHuBert, J., 
See, H. and Treptin, L. Studien am Blute 
Karzinomatiser. (Studies of the blood of 
carcinoma patients.) Strahlentherapie, 1931, 
J2, 609-709. 


| 


Dannmeyer of the Hamburg-Eppendort 
Hospital believed that something might be 
learned about cancer by correlating the studies 
of physicians, physicists, chemists and various 
specialists. This article is a result of such group 
study and it was found that the work of one 
group of specialists frequently confirmed the 
results of that of another. 

Dannmeyer and Seel call attention to the 
fact, shown by Warburg, that the carcinoma 
cell catabolizes sugar to lactic acid to such an 
extent that this form of catabolism may be 
considered specific for the carcinoma cell. 
Lower fatty acids, such as pyroracemic and 
acetic, are also formed. But the higher fatty 
acids are also important in carcinoma metabo- 
lism. There is a tendency for the higher fatty 
acids to increase in the fat tissue in carcinoma 
and in old age. 

v. Noél studying the chemical side of the 
problem worked out a formula for determining 
what he calls the cancer number, based on the 
alkali consumption of normal and carcinoma- 
tous blood. If the content of the blood in low- 
molecular fatty acids is increased then there is a 
larger consumption of decinormal sodium 
hydroxide solution. The details of the chemical 
method are described. The number for normal 
blood is 100 and in carcinoma it is 130 or over; 
the figure in other diseases was also found to be 
lower than 130. When the catabolism is carried 
through lactic acid to pyroracemic acid and 
acetic acid the figure is still higher so that it 
should be possible to determine to a certain 
extent the stage of progress of the cancer. In 
normal individuals also the high-molecular fat- 
ty acids not soluble in water predominate over 
the water-soluble, low-molecular ones while in 
cancer cases the reverse 1s true. In cancer cases, 
too, the cholesterin content calculated for 1 mg. 
total fatty acids is less than 0.2 while in normal 
cases it is more than that. The cholesterin con- 
tent calculated for 1 mg. high-molecular, water- 
insoluble fatty acids is higher than the choles- 
terin content calculated for 1 mg. water- 
soluble, low-molecular fatty acids in cancer 
cases while the reverse is true in normal cases. 

Dannmeyer, Hartleb and Schubert made a 
spectrometric study of the blood serum and 
give illustrations of the curves in normal and 
cancer cases. An analysis of the spectra showed 
that not only is free blood sugar transformed 
into lactic acid but that the combined sugar, 
which is not shown by blood examination, is 
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involved in the lactic acid fermentation. This 
sugar was ‘demonstrated in normal blood but 
could not be determined quantitatively. In 
carcinoma the combined sugar disappears. 
The “‘cancer virus” therefore must have a ca- 
pacity for setting sugar free from its compounds. 
Kurther studies will have to be made of the 
metabolism of combined sugar. 

Lederer studied the comparative protective 
action of the sera of normal subjects and 
carcinoma patients against suspensoids. There 
should be a difference if the blood serum of 
carcinoma patients shows a lower albumin con- 
tent and a higher acid content than that of nor- 
mal individuals. This reaction was tested using 
Berlin blue as a suspensoid and a cold saturated 
salt solution as an electrolyte. All non-cancer 
cases were negative and 75 per cent of the 
cancer cases were positive. The reason for the 
negative result in the other 25 per cent of 
cancer cases is not known. This is a preliminary 
report and the reaction is being studied further. 

Creuzberg and Seel made animal experiments 
in which they tested the effect of blood and tis- 
sue extracts on the growth of mouse tumors. 
Extracts from the blood of carcinoma patients 
did not show any perceptible effect on tumor 
growth. Extracts of the blood of normal in- 
dividuals sometimes inhibited growth to some 
extent but not enough so that definite con- 
clusions could be drawn in regard to their use. 
Bivalent iron in the form of ferrosaccharate 
used in conjunction with ultraviolet irradiation 
distinctly inhibited growth. 

Treplin discussed the clinical side of the 
question. He has found from clinical experience 
that when v. Noél’s cancer number, the spectro- 
metric cancer curve and the Lederer floccula- 
tion reaction all agree the diagnosis of cancer 
is certain. Possibly, too, the blood examinations 
will furnish a means of determining when a 
patient is free of cancer. Heretofore the roent 
genologist has had to irradiate empirically after 
operation and there was no way of determining 
when the optimum amount of irradiation had 
been given. It may also become possible to 
demonstrate precancerous conditions. That is, 
it may be possible to demonstrate anomalies in 
metabolism which show a cancer predisposition 
before there are manifest signs of the disease. 
At least it has been shown that cancer is a 
disease of metabolism of which the tumor is the 
last manifestation. With such early diagnosis 
it might be possible to devise means of treating 
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the disease of metabolism before tumor de- 
velops.—dudrey G. Morgan. 
LANGENDORFF, H., and 
Strahlenbiologische Untersuchungen an den 
Keimzellen des Seeigels. (Radiobiological 
examination of germinating cells of the sea 
urchin.) Strahlentherapie, 1931, 97-110. 
The sensitivity of the eggs and sperm of the 
sea urchin (Psammechinus miliaris) to roentgen 
rays of 180 kv., 3 mm. Al filter, and 5 ma., was 
studied. Doses of 50, 100, 200, 300 and 4oo r 
were applied, and the percentage of larvae 
damaged was calculated for each dose. The 
damage was in proportion to the roentgen 
doses. In each experiment the damage curve 
obtained was similar to an exponential curve. 
The sperm was more radiosensitive than the 
egg. Irradiation of fertilized eggs showed that 
the damage depends upon the time interval 
between irradiation and fertilization. The 
various states of mitosis were examined by 
irradiating the cells at intervals of four minutes 
after fertilization. The irradiation damage was 
the greatest shortly after fertilization. It then 
decreases and minimum at the 
metaphase, and increases again at the begin- 
ning of the anaphase. Otto Glasser. 


reaches a 


Jauix, R. I. Uber die Diffusionsosmose der 
Jodionen im Muskel unter der Finwirkung 
der Rontgenstrahlen. (On the diffusion 
osmosis of the iodine ions in muscle under 
the influence of roentgen rays). Fortschr. a. d. 
Geb. d. Réntgenstrahlen, April, 1931, £3, 494 
497- 

The author carried out a number of experi- 
ments (31) in rabbits to determine the influence 
of roentgen rays on the rate of diffusion and 
absorption of the iodine ions in the muscle (the 
musculus tibialis anticus having been chosen 
for this purpose). The iodine was applied in the 
form of injections of a 2 per cent solution of 
potassium iodide directly into the muscle and 
the rate of diffusion and absorption was 
measured by the electric test according to the 
procedure of Stscherbak (the technique, be- 
cause of its previous description by Bruck, is 
not mentioned in the present article). The ir- 
radiation was carried out with roentgen rays 
with various filters either locally, on the in- 


jected area, or generally, with the injected 


area protected by lead. 
It was found that roentgen irradiation re 
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sulted in an acceleration of the diffusion and — 
absorption of the iodine ions, this being 
especially pronounced with the use of the soft 
rays administered in the form of general ir- 
radiation. This again proves that the “‘in- 
direct” effect of the roentgen rays, most 
probably through the intermediary of the 
vegetative nervous system, is of paramount 
importance.—T. Leucutia. 


Levine, Witiiam T. Pigmentary reaction in 
Rana clamitans larvae following treatments 
with x-rays. Proc. Soc. Exper. Biol.  Med., 
March, 1931, 28, 594-596. 


Certain conspicuous changes occur in the 
dorsal skin, especially the formation of whirls 
by the epidermal melanophores preceding their 
disintegration. The animals, after being nar- 
cotized in a 1:10,000 solution of water-soluble 
anesthesin, were placed on water-soaked cotton 
and exposed to unfiltered roentgen rays. 

Two stages of the pigmentary reaction fol- 
lowing roentgen treatment are described. In 
the first case 10 tadpoles, 43-45 mm. body 
length, and 8-10 mm. hind leg length, were 
given 8 treatments of 92 kv., § ma. at 10 inches 
from the cathode. The animals were exposed 
for 10 minutes every other day and killed after 
the last treatment. The previously round pig- 
ment dots became streaky and comma-shaped. 
Later they began to converge toward one or 
several centers which most often were located 
in the scapular and pelvic regions. Eventually 
there occurred a hyperplastic rise of the epider- 
mis and perforation in the center, plugged with 
a blood clot. Examination of sections and whole 
mounts showed that the epidermal melano- 
phores, normally irregularly arranged, had 
become oriented in one direction. 

A second group of 10 tadpoles was exposed 
on two consecutive days for 45 minutes at 
125 kv., 5 ma., at a distance of 10 inches. One 
or two days after the second treatment they 
presented not only a formation of whirls, but 
also a noticeable decrease in epidermal pig- 
ments. 

It seems that the pigmentary dislocations 
are not specific to external stimuli but rather 
to internal disturbances due to various causes. 

B. Cohen. 


Saxe, Erwin. Die Anderung der biologischen 
Wirksamkeit von Membranen unter dem 
Einfluss von Réntgenstrahlen. (The change of 


| 


724 


the biological activity of membranes under 

the influence of roentgen rays.) Strah/len- 

therapie, 1931, ZO, 125-132. 

The regulation of the balance in the nutri- 
tional household of the cell is mainly dependent 
on two factors: (1) the electro-osmotic differ- 
ence of the potential between the various parts 
of the cell contents and the external surround- 
ings of the cell, and (2) the change of the 
properties of the membrane. 


The chemical change of the cell contents, of 


blood, of irradiated fluids, etc., through chem- 
ical and physical influences has already been 
investigated. 

In this paper the second question will be 
examined, with special reference to the change 
of the permeability of membranes under the 
influence of roentgen rays. 

If the changes in the cell tissue were com- 
parable to those of an anorganic reversible 
system, the final osmotic balance between cell 
contents and surroundings of the cell would 
only depend upon the solutions on both sides 
of the membrane. According to Pfeffer’s first 
law, the osmotic pressure is independent of the 
special characteristics of the semipermeable 
membrane. Inasmuch as the biological reactions 
of the cell mechanism are mainly irreversible 
chain reactions, the relatively quickly passed 
stages of synthesis and decomposition in the 
cellular metabolism cannot be considered final 
products. The final course of the reaction de- 
pends upon the manner and time in which each 
of the consecutive chemical phases are com- 
pleted. The migration of matter and the 
metabolism in the cell! tissue is changed through 
the specific variation of the individual proceed- 
ings at the diffusion. Thus for the vitally im- 
portant problem of graded reaction in the 
normal and diseased organism of the cell the 
examination of specific differences in the pas- 
sage of solutions through normal and treated 
membranes is of vital importance. 

A specially constructed apparatus is used in 
the experiments. 

Various tables show, by comparison, the 
results of diffusions through normal membranes 
and through membranes which were subjected 
to roentgen irradiation of different dosages. 
They show primarily that the rate of diffusion 
through an irradiated membrane is fast in the 
beginning and then gradually declines. But 
there is a difference in the rates of diffusion, 
after changes in the amount of radiation dosage 
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have been made. In this case the curves, point- 
ing out the mathematical equation of the rates 
of diffusion through the normal and the ir- 
radiated membranes, are in a characteristic 
relation to each other, thus proving that this 
effect is dependent upon the dosage. 

This physical influence on the properties of 
the membranes opens a new view on the 
possibility of a characteristic part of the 
metabolism, heretofore not fully recognized 
in its importance and on the possible study of 
these biologically important factors in statu 
nascendi. There should be a_ possibility of 
changing the properties of membranes through 
physical and chemical influences, and of pro- 
ducing those effects which until now have not 
been fully explained by changes of the purely 
osmotic conditions.—Morris Dreyfuss. 


Ponte, E. A., Rircuiz, Gorpnon, and 
Waicurt, C. S. Studies of the effect of roent 
gen rays on the healing of wounds. Radiology, 
April, 16, 445-460. 


The authors exposed two groups of white 
rats to two qualities of roentgen rays, preced- 
ing or following incisions in the skin. It was 
found that irradiation with either quality of 
the rays, in a dose of 1000 r at one sitting, from 
one to thirty days before the incision did not 
affect the healing process perceptibly. Irradia- 
tion with a dose of 1000 r with rays of either 
quality, immediately, twenty-four hours and 
forty-eight hours, respectively, after the in- 
cision, retarded the healing process, particu- 
larly in the twenty-four-hour group, but did 
not interfere with the final formation of a 
smooth scar._-f. D. Camp. 


The utilisation of electro- 
coagulated tumor-tissue in histological diag- 
nosis. Acta radiol., Apr. 15, 1931, 72, 184 
18g. 


Bostrom, G. 


The author studied the possibilities of mak- 
ing a correct microscopic diagnosis from the 
examination of tumor tissue that has been sub- 
jected to electrocoagulation. The chief prac- 
tical advantage of the method is that a piece of 
coagulated tumor can be removed and exam- 
ined without the risk of dissemination of the 
growth that is seen in preoperative biopsies. 
At Radiumhemmet electrocoagulation is now 
used in the treatment of carcinoma of the 
vulva, of malignant tumors of the mouth and 
of certain naevi and skin carcinomas. He finds 
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that as a rule a microscopic diagnosis can be 
made from the examination of electrocoagu- 
lated tumor. The coagulation caused by elec- 
trothermy does not differ greatly from that 
brought about by other methods of fixation. 
The method that most nearly coincides with 
electrocoagulation, that by boiling, has for a 
long time been used for the fixation of albumi- 
nous body fluids. The changes brought about 
by electro-coagulation were so severe as to 
render microscopic diagnosis impossible in only 
about 5 per cent of the cases examined. The 
degree of change is determined by a number of 
factors, such as the strength of the current, du- 
ration of application, water content of the tissue 
and distance from the electrode.—dudrey G. 
Morgan. 


Leake, James P. Radium poisoning. 7. 4m. M. 
Ass., March 26, 1932, 98, 1077-108 


Fatal cases of radium poisoning in luminous 
dial painting had occurred two years before 
1924 when the hazard was first recognized. 
Pointing the brush with the lips has not been 
done since 1926. A study of dial painting 
the United States since 
showed markedly improved conditions. No 
case of injury to any individual exposed only 
since that date has been found. 
small amount. of was 
the was not 
sufficient to produce bone changes, dental 
disease or other clinical manifestations. The 
investigation indicates the possibility of the 
industry 


factories in 1926 


Although a 
element 
bodies of workers it 


radioactive 
found in 


being carried on in entire safety 
though further efforts to control dust inhala- 
tion are necessary to prevent accumulation 
and provide a factor of safety for varying 
susceptibilities. W. Hall. 


KisCHER, ALBERT. 


Mesothoriumbestrahlung 
Gewebszellen in vitro. (Mesothorium 
irradiation of tissue cells in vitro.) Strahlen- 


therapie, JO, 54 go. 


von 


Experiments in radium irradiation of tissue 
cells in vitro are described. They show that the 
irradiation causes an inhibition of growth after 
a certain time. The latent period is a real one 
and not simulated by the method of measure- 
ment used, for tissue cells from freshly trans- 
planted cells that were not irradiated grew and 
also ones that were irradiated for five hours 
with an amount of mesothorium corresponding 
to 40 mg. radium. 
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The author tries to account for the latent 
period. It cannot be accounted for by saying 
that the cells that were undergoing mitosis 
were struck by the rays, for the inhibition of 
growth was much greater than could have been 
caused by the number of mitoses occurring 
during the irradiation. Cultures irradiated at 
a low temperature showed even greater in- 
hibition than ones irradiated at body tempera- 
ture. The experiments did not show any evi- 
dence that the latent period is caused by using 
up the reserves of certain substances vital to the 
life of the cells which they could not build up 
again during the irradiation. There was evi- 
dence indicating that the progressive inhibition 
of growth was due to the progressive produc- 
tion of injurious products of metabolism. Ir- 
radiated cells set substances free that inhibit 
growth. The effect of these cells on intact 
normal cells can be demonstrated. 

The duration of the latent period can only 
be slightly affected. Its duration, with equal 
doses is not dependent on the rapidity of 
proliferation of the cells, as was formerly be- 
lieved. It varies with the intensity of the irradi- 
ation. On injury of the irradiated cells the 
latent period is shortened and the inhibition 
of growth is greater than in uninjured cultures. 
Any demands made on regeneration, increase 
the effect of irradiation. The processes which 
lead to inhibition of growth take place, though 
more slowly, at subnormal temperatures. The 
resistance of the irradiated cells is decreased 
by either rapid or slow proliferation. 

The experiments show that the absolute ac- 
tion of irradiation is the same in slow and ac- 
tive proliferation. The effect of the irradiation 
on resting cells remains latent and dces not be- 
come manifest until the cells begin to prolifer- 
ate. The point of action of the rays on the 
cells is probably the same no matter whether 
the cells are undergoing mitosis or not; they 
probably act on the material on which the 
catalyzers of proliferation act. The Bunsen- 
Roscoe law of photometric reactions does not 
hold good for the biological action of radium 
irradiation.— Audrey G. Morgan. 


Morrram, J. C. Experiments on the  sus- 
ceptibility of tumors and tumor cells to 
radiation. 4cta radiol., Feb. 14, 1931, 72, 


A fast-growing Jensen’s rat sarcoma and a 
slow-growing rat sarcoma were irradiated for 
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purposes of comparison. In all cases, gamma 
radiation was applied to small pieces of tumors 
of approximately 1 cubic millimeter between 
thin sheets of mica. Two applicators were used, 
one above and one below. Tables are given show- 
ing the details of the results. Susceptibility to 
beta radiation had been tested in a previous 
series of experiments. There was very little 
difference in the susceptibility of the fast- 
growing and slow-growing tumors to either 
beta or gamma radiation. The embryonic 
skini of the rat also showed approximately the 
same susceptibility to gamma radiation. Ap- 
parently, therefore, the differences in the 
sensitiveness of fast-growing and slow-growing 
tumors to radiation found in vivo or when 
treated clinically are due to the effect of the 
radiation on the living tissue outside the 
tumor cells. From previous experiments it 
would seem, too, that the action of the rays on 
the blood vessels accounts in part for the differ- 
ences in effect when irradiation is given 
clinically.— dudrey G. Morgan. 


De Raapr, O. L. E. Uber die Ernahrung der 
Krebskranken nach Caspari (Caspari’s theo- 
ries in regard to food in cancer.) Strahlen- 
therapie, 1932, 42, 800-802. 

De Raadt says there are contradictions in 
Caspari’s theories in regard to food in cancer. 
Caspari advises using a diet poor in vitamin B, 
carbohydrate and potassium salts. He advises 
limiting vitamin B and particularly B2 be- 
cause vitamin B in the food stimulates the 
growth of transplantation tumors in rats and 
mice. But he also says that feeding with raw 
meat alone limits the growth of the tumors and 
that meat is rich in vitamin B2. De Raadt ex- 
plains this contradiction by claiming that the 
action of meat in inhibiting the growth of 
tumor is due to its being strongly acid and has 
nothing to do with its vitamin content. On this 
basis there is no reason for refusing to allow 
the patient to use liver. Caspari also says that 
the water in which vegetables is cooked should 
be thrown out as it contains most of the vita- 
min B. But de Raadt says that this also changes 
the vegetables from an alkaline to an acid food. 
Caspari forbids the use of carbohydrates and 
this too is a question of acid-base balance. 
Caspari says that potassium salts stimulate the 
growth of tumor and yet he uses potatoes which 
are richer in both potassium and vitamin B 
than polished rice. Caspari says that not much 
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is known about acid-base balance in tumor but 
de Raadt says that it has been shown that in 
the beginning of cancer development there is 
alkalosis which later often changes into acido- 
sis (Schneider and Achelis). 

De Raadt says that in 1925 he advised treat- 
ing cancer patients with an acid diet and that 
when Caspari’s diet is considered carefully its 
value is found to lie in the fact that it is acid 
and that he (de Raadt) is therefore entitled to 
priority in the question.—-.dudrey G. Morgan. 


Caspari, W. Erwiderung auf die Ausfiihrungen 
von Herren de Raadt tiber die Ernahrung der 
Krebskranken. (Reply to de Raadt’s article 
on diet for cancer patients.) Strahlentherapie, 
1932, 45 803 808. 

In reply to de Raadt’s criticism of his work 
on diet in cancer, Caspari admits that he should 
have said that meat is relatively rich in vita- 
min B2, which is only a part of the vitamin B 
complex in which meat is poor. He meant only 
that in meat the vitamin B2 constitutes a rela- 
tively large part of the vitamin B that is pres- 
ent. De Raadt says that without an alkaline 
diet there would be no cancer, but in inhabi- 
tants of the tropics who live mostly on fruit 
there is little cancer. De Raadt says that Cas- 
pari has not considered the question of acid- 
base balance in diet in cancer. Caspari refers 
to previous work showing that he has but he 
brought about inhibition of cancer growth with 
an acid diet poor in vitamin and carbohydrate, 
and Ottensooser obtained the same results with 
an alkaline diet rich in carbohydrate and free 
of vitamin. The only common factor in the 
diets was the lack of vitamin and the under- 
nutrition so they conclude these were respon- 
sible for the results. With reference to liver in 
the diet he says that regardless of de Raadt’s 
theoretical considerations his experimental work 
has confirmed the fact that it is harmful. He 
admits that he does not consider the potassium 
factor of very great importance; he did con- 
sider rice as the classical food for producing B- 
avitaminosis but rice is comparatively little 
used in Germany and bread and potatoes are 
staples of diet, so he allowed his patients to 
use potatoes for carbohydrate instead of rice. 
With reference to de Raadt’s quotation of 
Schneider and Achelis he says that some au- 
thors have found acidosis in cancer and some 
alkalosis and the question is by no means set- 
tled. 
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The whole point of de Raadt’s objection to 
his work seems to be that he claims priority. 
Caspari says that he himself claims no priority 
but was simply describing the results of his ex- 
perimental work.—dAudrey G. Morgan. 


EpLBACHER, S. Die Abartung des Chemismus 
der Krebszelle. (Abnormalities in the chem- 
ism of the cancer cell.) Strahlentherapis, 1931, 
425 929-935. 

The normal cell “‘breathes,” that is, it breaks 
down sugar by oxidation. Warburg has found 
that the cancer cell catabolizes carbohydrate to 
lactic acid anaerobically by fermentation. This 
fermentation or glycolysis is characteristic of the 
tumor cell. Waldschmidt and Leitz have found 
that tumor cells also show increased proteoly- 
sis, though this is denied by other authors who 
say that there is no difference in the proteolytic 
activity of extracts of normal and tumor cells. 
The author has found increased catabolism of 
arginin and nucleinic acid by tumor cells. Nor- 
mal muscle never shows a dephosphorization 
reaction but the muscles of animals with tumor 
and of cancer patients gives a positive reaction 
which is even more intense than the reaction 
of the tumor tissue itself. The organs and par- 
ticularly the muscles of tumor animals are 
therefore in a condition of “‘chemical allergy,” 
that is, the tumor has a distant action on the 
whole organism and changes the metabolism 
even of apparently normal cells in the direction 
of its specific abnormality. 

The author believes that malignancy is a dis- 
ease of metabolism and that the site of the 
tumor only represents a point of least resist- 
ance. None of the known facts is in contradic- 
tion with this theory and it is supported by the 
facts which he gives in regard to chemical al- 
lergy. Rous’s chicken sarcoma has been trans- 
mitted by solutions which did not contain 
cancer cells. Probably the transmission was 
brought about by substances which act on the 
essential functions of the cell nucleus bringing 
about abnormal metabolism. It is not known 
whether the increased capacity for growth of 
the cell nucleus brings about the increased 
glycolysis which produces energy, or vice versa, 
but the author is inclined to believe that the 
primary abnormality is in the chemism of the 
process of cell division. dudrey G. Morgan. 


Dierricu, A. Wesen und Ursache des Krebses 
im Lichte der pathologischen Anatomie und 
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der experimentellen Pathologie. (Nature and 

cause of cancer as shown by pathological 

anatomy and experimental pathology.) Strah- 

lentherapie, 1931, 42, 913-929. 

The author reviews the history of the patho- 
logical anatomy of cancer and discusses the 
theories of Virchow, Cohnheim, Weigert, Al- 
brecht, Ribbert, and others. He also reviews the 
later experimental work in producing cancer in 
animals. He concludes that there is some truth 
in the various theories but that none of them 
contains the whole truth. Tumors do develop 
from embryonic anlagen but the attempts to 
produce tumor by the implantation of em- 
bryonic cells have shown that there is an essen- 
tial difference between embryonic cells and 
tumor cells. Embryonic cells have a capacity 
for differentiation and further development 
which the tumor cells have lost. But tumors 
may develop not only from embryonic tissue 
but from tissue changes in later life; they may 
be defective attempts at regeneration, as in the 
case of tumors which develop in scars and fistu- 
las, in lupus or chronic diseases of internal or- 
gans, such as gallstones or chronic stomach ul- 
cer. But either embryonic or regenerative ex- 
clusion of tissue from its normal connections is 
only one factor in tumor production. It creates 
the determining factor (anlage) but there must 
also be an exciting factor, which may be local, 
such as chronic irritation, or a general change 
in body metabolism, a tumor predisposition or 
constitution. 

While the experimental work in the produc- 
tion of tar cancer and the metabolic studies of 
Warburg which have shown that cancer tissue 
obtains its energy by splitting sugar and form- 
ing lactic acid are of immense value, they have 
not replaced the methods of pathological ana- 
tomy as some have claimed. Morphology has 
laid the foundation on which other methods of 
research can build; the newer methods must 
utilize, not reject, what has been discovered by 
the old and every method has its limitations.— 
Audrey G. Morgan. 


Bauer, K. H. Die Bedeutung der Vererbungs- 
biologie fiir das Geschwulstproblem. (Impor- 
tance of the biology of inheritance in the can- 
cer problem.) Strahlentherapie, 1931, 42, 939- 
970. 

The fact that tumors occur not only in hu- 
man beings but also in animals and even plants 
shows that the problem of cancer is one of gen- 
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eral biology. From an exhaustive study of the 
problem of mutation the author comes to the 
conclusion that tumors are brought about by 
mutation. Tumor cells develop in an uninter- 
rupted sequence of generation from normal 
body cells. They are differentiated from the 
original cells by characteristics which are trans- 
mitted by the primordial tumor cells to their 
descendants. Tumor development is a part of a 
normal life process. Mutation is one of the 
oldest and most fundamental processes in life. 
Changes and adaptations to conditions are 
brought about by gradual changes in the genes 
and chromosomes of the cells. Evolution would 
be impossible without these changes. But there 
may be regressive as well as progressive muta- 
tions; they do not fit into the general harmony 
of development and so bring about anomalies, 
malformations and diseases. Slight deviations 
in the wrong direction transmitted through 
many generations finally lead to catastrophic 
results. 

Tumor formation in man differs from that 
in the lower forms of life only in its greater 
frequency. This is due partly to the change in 
biological selection in man. In plants and ani- 
mals harmful factors are quickly eliminated by 
natural selection but in man they are preserved 
and transmitted. It is also partly due to the 
fact that man, protected by civilization, 
reaches a much greater age than other organ- 
isms which are saved from cancer by dying 
early.— Audrey G. Morgan. 


Taytor, Lauriston S., and Sincer, G. Fur- 
ther studies of the x-ray standard ionization 
chamber diaphragm system. Radiology, July, 
1931, 77, 104-112. 

Further studies are presented on the eftect 
of the diaphragm system upon the calibration 
measurements made with the large free air 
ionization chamber. Air absorption coefficients 
were obtained, and it was found necessary to 
use these values to correct the ionization cham- 
ber readings. Calibrations of a thimble cham- 
ber, made with and without a restricting dia- 
phragm close to the roentgen tube, differ by 
several per cent. Dependent upon the position 


Abstracts of Roentgen and Radium Literature 


May, 1933 


of the thimble chamber with respect to the 
tube target, the calibration may vary over a 
range of 10 per cent. When the radiation is 
not restricted by a diaphragm close to the 
tube, there may be a difference in the radiation 
quality received by the thimble and air cham- 
ber, as large as 10 per cent.—¥. D. Camp. 


Orro, and Beastey, I. E. Eine 
Verbesserung an Grenzstrahlroéhren. (An im- 
provement in Grenz-ray tubes.) S/rah/len- 
therapie, 1931, ZO, 389. 


The Lindemann window in a Miller Grenz- 
ray tube was replaced by a window consisting 
of a very thin indrawn bubble of glass. This 
window is situated inside a heavy glass sphere, 
and is therefore well protected against damage. 
It does not deteriorate with use. This window 
transmits softer rays than the Lindemann 
window, and permits the treatment of larger 
skin areas. Further experiments with. still 
larger windows are in progress.—-Or¢/o Glasser. 


Wotr, P. M., and Rient, N. Ueber einen 
neuen, sehr einfachen Apparat zur Er- 
zeugung von Radiumemanation (Radon). 
(A new and very simple apparatus for the 
production of radium emanation—radon.) 


Strahlentherapie, 1931, fO, 1S9-173. 


After a discussion of the difficulties of ob- 
taining radon preparations from the compli- 
cated Duane-Debierne or Rutherford vacuum 
emanation apparatus, the authors present their 
simple system of obtaining radon capillaries and 
other radium preparations. The containers to 
be filled with radon, in most cases gold capil- 
laries, are filled with finely powdered, active 
charcoal. This charcoal has a highly absorp- 
tive power for the emanation. The capillaries 
are then connected tightly by means of a small 
special apparatus to the radium, which gives 
off the emanation. The best type of radium 
for this purpose is the dry radium preparation 
as discovered by O. Hahn. The technique of 
filling the tube with radon in the “‘radonator,”’ 
as well as the various practical uses of the 
radon capillaries are discussed.—Otto Glasser. 


